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SCIENTIFIC OPINION  
Scientific Opinion on the potential reduction of the currently authorised 
maximum zinc content in complete feed
1 
EFSA Panel on Additives and Products or Substances used in Animal Feed (FEEDAP)
2,3 
European Food Safety Authority (EFSA), Parma, Italy 
ABSTRACT  
A critical review of (i) the zinc requirements of food-producing and pet animals, (ii) the zinc concentration of 
feed materials and (iii) the calculated background zinc concentration of complete feed supports the possibility of 
a considerable reduction of the currently authorised maximum concentration for total zinc in feed. The FEEDAP 
Panel  developed,  based  on  an  approximation  using  zinc  requirements  and  background  data,  potential  new 
maximum contents, which could replace the current ones. The newly proposed total maximum contents are: 150 
mg Zn/kg complete feed for piglets, sows, rabbits, salmonids, cats and dogs; 120 mg Zn/kg complete feed for 
turkeys for fattening; 100 mg Zn/kg complete feed for all other species and categories. The use of phytase in 
feeding  piglets,  pigs  for  fattening  and  sows  would  allow  a  further  reduction  of  the  newly  proposed  total 
maximum contents by 30 % (from 150 to 110 mg Zn/kg feed for piglets and sows and from 100 to 70 mg Zn/kg 
feed for pigs for fattening). The newly proposed total maximum contents ensure health, welfare and productivity 
of the target species and do not affect consumer safety. The FEEDAP Panel expects that the introduction of the 
newly proposed total maximum contents, provided they are applied in feeding practices, would result in an 
overall reduction of zinc emissions from animal production of about 20 %.  
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SUMMARY  
Following  a  request  from  the  European  Commission,  the  Panel  on  Additives  and  Products  or 
Substances used in Animal Feed (FEEDAP) was asked to deliver a scientific opinion on the potential 
reduction of the currently authorised maximum zinc content in complete feed (250 mg Zn/kg for pet 
animals, 200 mg Zn/kg for fish and milk replacer and 150 mg Zn/kg for other animal species). 
To improve the available information on the use of zinc in animal nutrition, EFSA launched a call for 
data to EU Member States and EEA/EFTA countries and to stakeholders. The data submitted were 
used in the current Scientific Opinion. 
Zinc in the form of its divalent metal ion, Zn
2+, is nutritionally essential for all living organisms. The 
total amount of zinc in the human body is 2 3 g and its concentrations in tissues are about the same in 
all  mammals.  Virtually  all  its  functions  are  in  proteins,  in  which  it  is  a  catalytic,  structural,  or 
regulatory cofactor. 
A  critical  review  of  (i)  the  zinc  requirements  of  food-producing  and  pet  animals,  (ii)  the  zinc 
concentration of feed materials and (iii) the calculated background zinc concentration of complete feed 
supports the possibility of a considerable reduction of the currently authorised maximum concentration 
for  total  zinc  in  feed.  The  FEEDAP  Panel  developed,  based  on  an  approximation  using  zinc 
requirements and background data, potential new maximum contents, which could replace the current 
ones. The newly proposed total maximum contents are: 150 mg Zn/kg complete feed for piglets, sows, 
rabbits, salmonids, cats and dogs; 120 mg Zn/kg complete feed for turkeys for fattening; 100 mg 
Zn/kg complete feed for all other species and categories. The use of phytase, either from endogenous 
source or from a feed additive, in feeding piglets, pigs for fattening and sows would allow a further 
reduction of the newly proposed total maximum contents by 30 % (from 150 to 110 mg Zn/kg feed for 
piglets and sows and from 100 to 70 mg Zn/kg feed for pigs for fattening). 
The newly proposed total maximum contents ensure health, welfare and productivity of the target 
species. The newly proposed total maximum contents do not affect consumer safety. The FEEDAP 
Panel expects that the introduction of the newly proposed total maximum contents, provided they are 
applied  in  feeding  practices,  would  result  in  an  overall  reduction  of  zinc  emissions  from  animal 
production of about 20 %. Maximum contents of zinc in feed 
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION 
Several opinions on applications for the re-authorisation of zinc compounds have already been issued 
by EFSA and others are pending. 
In  discussions  with  Member  States  on  opinions  already  delivered  and  considering  outstanding 
opinions, concerns with respect to the maximum content of zinc in feed had been raised.  
TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION 
The Commission asks the European Food Safety Authority to issue and opinion on the maximum 
content of compounds of zinc in feed considered safe for animals, the consumers and the environment. 
INTERPRETATION OF THE TERMS OF REFERENCE  
Several opinions on applications for the re-authorisation of zinc compounds as feed additives have 
been issued by EFSA and others are pending. Namely, two opinions on zinc sulphate monohydrate 
(EFSA  FEEDAP  Panel,  2012a,  b),  two  opinions  on  zinc  chelate  of  amino  acids  hydrate  (EFSA 
FEEDAP Panel, 2012c, 2013) and one opinion on zinc oxide (EFSA FEEDAP Panel, 2012d) have 
been delivered to the EC. In these opinions, the FEEDAP Panel specifically remarked that “Current 
knowledge on the zinc requirements of animals, and the variation in bioavailability of zinc from 
different  sources,  indicate  the  potential  to  considerably  reduce  the  current  maximum  content  for 
dietary zinc without affecting animal health and welfare and productivity of animal husbandry. The 
reduction of the maximum content for zinc would decrease the zinc load in the environment. The 
simultaneous use of phytases opens further possibilities for the reduction of dietary zinc in animal 
nutrition. A new assessment of the zinc requirements/allowances of animals would provide the basis to 
react if a need for action will arise from another relevant field like ecology”. 
The European Commission (EC) highlighted in its mandate that in discussions with Member States on 
opinions  already  delivered  and  considering  outstanding  opinions,  concerns  with  respect  to  the 
maximum content of zinc in feed had been raised. The EC provided also a report from the Livestock 
Research Institute of the University of Wageningen (The Netherlands) entitled “Zinc requirements of 
weaned piglets” (Bikker et al., 2011). 
Already in 2000 the Scientific Committee on Animal Nutrition (SCAN) was requested by the EC to 
deliver an opinion on the total maximum authorised zinc content in feed; this value was at that time 
250 mg Zn/kg complete feed for all animal species. The SCAN recommended a reduction to 150 mg 
Zn/kg complete feed for all animal species except piglets (175 mg zinc in case 175 mg Cu/kg feed 
would be retained) (EC, 2003a). Regulation (EC) No 1334/2003
4 set the following maximum total 
zinc contents in feed:  
  250 mg Zn/kg for pet animals,  
  200 mg Zn/kg for fish and milk replacer and  
  150 mg Zn/kg for other animal species. 
The European Food Safety Authority considers that the request of the EC refers as to the issuing of an 
opinion on the potential reduction of the currently authorised maximum zinc content in complete feed, 
considering safety for animals, consumers and the environment. 
                                                       
4  Commission Regulation (EC) No 1334/2003 of 25 July 2003 amending the conditions for authorisation of a number of 
additives in feedingstuffs belonging to the group of trace elements. OJ L 187, 26.7.2003, p. 11. Maximum contents of zinc in feed 
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ASSESSMENT 
In its recent opinions on zinc-containing additives, the EFSA FEEDAP Panel concluded that the use of 
zinc compounds as feed additives in livestock does not pose a direct concern for agricultural soils but 
the available data were not sufficient to exclude any risk related to drainage and the run-off of zinc to 
surface water (EFSA FEEDAP Panel, 2012a,b,c,d). The Panel also noted that “problems of high zinc 
concentrations in drainflow and runoff, once established, would be difficult to remediate.” 
The EFSA FEEDAP Panel further stated that:  
“Current knowledge on the zinc requirements of animals, and the variation in bioavailability of 
zinc from different sources, indicate the potential to considerably reduce the current maximum 
content for dietary zinc without affecting animal health and welfare and productivity of animal 
husbandry. The reduction of the maximum content for zinc would decrease the zinc load in the 
environment. The simultaneous use of phytases opens further possibilities for the reduction of 
dietary zinc in animal nutrition. A new assessment of the zinc requirements/allowances of animals 
would provide the basis to react if a need for action will arise from another relevant field like 
ecology”.  
In order to properly address these concerns, the Commission has now asked the EFSA to issue an 
opinion  on  the  potential  modification  of  the  currently  authorised  maximum  zinc  content  in  feed 
considered safe for animals, the consumer, and the environment. 
EFSA launched a call for data to  
EU Member States and EEA/EFTA countries, concerning national zinc requirements/allowances in 
animal nutrition and data from official feed control for the zinc content in compound feed. EFSA 
received  contributions  from  Austria,  Belgium,  Bulgaria,  Cyprus,  Czech  Republic,  Denmark, 
Estonia,  Finland,  France,  Germany,  Greece,  Hungary,  Italy,  Latvia,  Malta,  Norway,  Poland, 
Portugal, Slovakia, Slovenia, Sweden, Switzerland, The Netherlands.  
Stakeholders,  concerning  recommendations  for  the  use  of  zinc  in  animal  nutrition  and  typical 
composition  of  compound  feed.  Information  was  submitted  by  EMFEMA,  FEDIAF,  FEFAC, 
FEFANA and Novus Europe S.A.
5 
EFSA commissioned the University of Gent (Belgium) to carry out a study of selected trace and 
ultratrace elements in animal nutrition, including zinc. The findings were submitted to the EFSA in the 
form of a technical report (Van Paemel et al., 2010). Information from this report has been used in this 
opinion. 
The following abbreviat ions are used in the text of this   Scientific Opinion:  CAMC,  Currently 
Authorised  total Maximum Contents  of zinc  in complete feed and  NPMC, Newly Proposed total 
Maximum Contents of zinc in complete feed.  
1.  Introduction  
Zinc in the form of its divalent metal ion, Zn
2+, is nutritionally essential for all living organisms (Rink 
2011; Maret, 2013). The total amount of zinc in the human body is 2 3 g and its concentrations in 
tissues are about the same in all mammals. The cellular concentration is rather high (about 0.5 mM). 
Virtually all its functions are in proteins, in which it is a catalytic, structural, or regulatory cofactor. It 
has been estimated that the mammalian genome encodes about 3000 zinc proteins, i.e. 10 % of all 
proteins are zinc metalloproteins (Andreini et al., 2006). Zinc therefore affects virtually all cellular 
functions, especially growth and development of organisms, and it seems to be indispensable for the 
proper functioning of the senses and some critical brain functions (Maret, 2014). Factors that control 
systemic zinc homeostasis have not been identified, though. Zinc homeostasis is tightly controlled at 
                                                       
5  To protect the interests of stakeholders that have contributed, they are collectively referred to in this Scientific Opinion as 
„European feed industry‟. Maximum contents of zinc in feed 
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the cellular level. In mammals, ten proteins of the ZNT family (SLC30A) export zinc from the cytosol, 
either out of the cell or into cellular vesicles or organelles, 14 proteins of the Zip family (SLC39A) 
import zinc into the cytsol or into cellular vesicles or organelles, and at least a dozen metallothioneins 
(MTs) buffer and translocate zinc in the cell. The metal response element-binding transcription factor-
1 (MTF-1) elevates cellular zinc levels and directs zinc-dependent gene expression, involving the 
expression of MTs and ZNT1 (Lichten and Cousins, 2009; Fukada and Kambe, 2011). Some calcium 
channels are also permeable to zinc ions. The metal specificity of all these transporter and channel 
proteins is presently being investigated. Transport of manganese, cadmium, and non-transferrin-bound 
iron has been shown for several of them. Exact mechanisms by which zinc affects the uptake of iron 
and  copper  through  their  specific  transporters,  DMT-1  (divalent  metal  transporter  1)  and  CTR-1 
(copper transporter 1) respectively, are not known. However, there is a significant amount of work 
demonstrating interactions of copper, zinc and iron at the level of absorption (Lönnerdal and Kelleher, 
2007),  in  particular  inhibitions  of  copper  and  iron  availabilities  by  zinc  in  humans  (Maret  and 
Sandstead, 2006; Olivares et al., 2012). 
Zinc homeostasis is a “closed system”. Only about 0.1 % of the total zinc needs to be replenished daily 
(Maret and Sandstead, 2006). Zinc absorption is a saturable process; thus, assimilation efficiency is 
inversely related to intake and, within the boundaries of physiological control, giving much more zinc 
than needed does not result in additional uptake. Therefore, there does not seem to be a condition of 
zinc overload, unless zinc is massively overdosed or gets into the system by by-passing the intestinal 
tract. The organism resumes uptake of zinc from the diet only if it needs zinc and it extends this uptake 
over a period of time rather than taking up a large amount at once. Thus, there is very little acute 
toxicity, but there may be chronic toxicity as the uptake of other trace metals (copper, iron) is reduced 
when zinc is in excess. Excess zinc may have additional pharmacological and extracellular effects in 
the intestinal tract, i.e. being bactericidal or restoring the integrity of the brush border membrane in 
diarrhea. 
Zinc occurs naturally in feed materials of plant and animal origin. Supplementation of animal feeds 
with zinc has a long history. One of the first signs of zinc deficiency is compromised immunity. In the 
1950s  and  1960s,  it  was  reported  that  zinc  supplementation  cured  parakeratosis  in  swine,  cattle, 
chicken and sheep. It was also found in early studies that zinc deficiency in chicken can cause slow 
growth, shortened and thickened legs with an enlarged hock, and frizzled feathers, conditions that 
could  all  be  reversed  by  zinc  supplementation.  Part  of  the  problem  of  relating  physiological 
requirements and zinc in the diet is that many protein sources for animal feeds, such as soy bean and 
corn, are rich in phytate (inositol hexaphosphate), which binds zinc very strongly  and is a potent 
inhibitor of its absorption. Similarly, some fish feeds contain very high levels of calcium, which may 
also inhibit zinc absorption. Feed materials are either too low in zinc or show reduced availability of 
zinc  to  cover  the  requirements  of  target  animals.  As  compensation,  animal  feeds  are  routinely 
supplemented with zinc. In pigs the magnitude of intestinal zinc absorption, as percentage of intake, 
was reported by Revy et al. (2002) to be 25.5 to 32.4 %, and by Zacharias et al. (2007) to be 15.9 to 
25.7 %. If the requirement is markedly exceeded, additional zinc is not absorbed or endogenously 
secreted, but passes the gut and ends up in the manure, which when spread on fields may enrich soil 
and drainage water with zinc. 
Elevated zinc is an environmental issue. There are many regions in Europe where zinc levels are far 
above  background.  Leaching  from  galvanized  steel  is  the  largest  source  of  zinc  input  into  the 
environment, contributing about 30 % of all zinc emissions in the EU. Industrial point sources add 
another 10 %, but the remaining 60 % comes from a variety of minor diffuse sources, one of which is 
farming. The potential problem of high zinc in manure was recognised by the EC over ten years ago, 
leading to a recommendation by the Scientific Committee for Animal Nutrition (SCAN) to reduce the 
levels of zinc in feedingstuffs (EC, 2003a), followed by a corresponding amendment of the relevant 
Regulation
6 to decrease the maximum levels of zinc in anima l feeds to the current authorised levels. 
                                                       
6  Commission Regulation (EC) No 1334/2003 of 25 July 2003 amending the conditions for authorisation of a number of 
  additives in feedingstuffs belonging to the group of trace elements. OJ L 187, 26.7.2003, p. 11. Maximum contents of zinc in feed 
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More recently, EFSA commissioned a study on the environmental impact of zinc and copper used in 
animal nutrition (Monteiro et al., 2010).
7 The study concluded that the use of zinc as a feed additive at 
currently  authorised  levels  is  not  expected  to  pose  a  direct  concern  for  the  agricultural  soil 
compartment. However, a potential environmental concern was identified relating to groundwater, 
drainage and the runoff of zinc from arable land to surface water. Acidic sandy soils were predicted to 
be most vulnerable to these processes. 
2.  Zinc in animal nutrition: requirements, deficiency, tolerance and therapeutic use 
2.1.  Requirements, allowances and recommendations for dietary zinc in target animals  
The following definitions are used in the context of this Section: 
Requirement: the individual demand for zinc under defined conditions; 
Allowance/Recommendation:  estimate  of  the  zinc  supply  necessary  to  meet  the  average  gross 
demand of the population under common conditions plus a safety factor considering the individual 
variability, varying bioavailabilities and interactions between nutrients.  
Requirements and allowances are provided by scientific bodies; recommendations by the industry or 
private bodies. Regarding zinc nutrition, the differentiation between requirement and allowances are 
difficult to distinguish between scientific bodies. Therefore zinc requirements and zinc allowances are 
not differentiated in Tables 1 to 5. 
As  zinc  homeostasis  is  regulated  through  intestinal  zinc  absorption  and  zinc  excretion,  zinc 
requirements are generally estimated using empirical methods. Urinary zinc excretion plays a minor 
role in homeostatic zinc regulation. However, the National Research Council (NRC) of the USA and 
the  Centraal  Veevoederbureau  (CVB)  of  The  Netherlands  made  an  exception  on  zinc 
requirements/allowances in  dairy  cattle  and  small  ruminants by  using  a  factorial approach  (NRC, 
2001, 2007a; CVB, 2005). The difficulty in the factorial method consists in defining the coefficient of 
utilization, as it is dependent on the dietary zinc level; the NRC (2001, 2007a) set this coefficient at 
15 %, decreasing from 55 % (10 kg body weight (bw) goat kids) to 15 % (adults), and the CVB (2005) 
at  50 %  including  a  safety  margin  of  5 %  for  all  ruminants.  Zinc  requirements  and 
allowances/recommendations are given in dietary concentration (mg Zn/kg diet). 
The dietary zinc requirements, allowances and recommendations for a given animal category mainly 
depend on the definition of the diet, the defined response criteria and the inclusion of safety margins. 
The  diet  may  influence  the  daily  intake  (e.g.  by  the  energy  content)  and  the  zinc  bioavailability 
(Chapter 4). The plateau of a dietary zinc dose-response curve is e.g. lower for growth-performance 
than for bone zinc content in pigs and in poultry (Revy et al., 2006; Bikker et al., 2011; Schlegel et al., 
2013).  Safety  margins  are  included  in  some  of  the  published  allowances  and  recommendations. 
However, the use and magnitude of the safety margins are not always specifically mentioned. 
The dietary zinc requirements/allowances and recommendations for the animal species and categories 
listed in Annex IV of Commission Regulation (EC) No 429/2008
8 are described below. Relevant 
literature sources published after the latest zinc requirement update of the NRC are also mentioned. 
2.1.1.  Poultry 
The  zinc  requirement  for  maximal  growth  in  broilers  fed  semi-purified  diets  without  phytate  is 
approximately 25 mg/kg (Wedekind and Baker, 1990; Wedekind et al., 1992; Aoyagi and Baker, 
1993; Biehl et al., 1995; Edwards et al., 1998; Edwards and Baker, 1999, 2000; Batal et al., 2001). In 
                                                       
7  The FEEDAP Panel notes that this report contains a typographical error when referring to the units of the maximum total 
copper and zinc authorised in feed (Background and Introduction of the document). 
8  Commission Regulation (EC) No 429/2008 of 25 April 2008 on detailed rules for the implementation of Regulation (EC) 
No 1831/2003 of the European Parliament and of the Council as regards the preparation  and the presentation of 
applications and the assessment and the authorisation of feed additives. OJ L 133, 22.5.2008, p. 1. Maximum contents of zinc in feed 
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cereal-based  diets,  without  phytase  addition,  maximal  growth  in  broilers  is  reached  with 
approximately 30 mg Zn/kg and maximal bone zinc content with 50 mg Zn/kg diet (Mohanna and 
Nys, 1999a; Ao et al., 2006; Jondreville et al., 2007). The most recent zinc requirements/allowances 
and recommendations for poultry categories are presented in Table 1. For chicken, the reported values 
for requirements/allowances vary between 35 and 70, and for recommendations between 70 and 140 
mg Zn/kg diet. For turkey, the reported values for requirements/allowances vary between 40 and 120, 
and for recommendations between 75 and 150 mg Zn/kg diet.    
Table 1:   Zinc requirements/allowances and recommendations for poultry (mg/kg complete diet). 
Sources: NRC, USA (1994); GfE, Germany (1999, 2004); MTT, Finland (2013); IFZZ, 
Poland (2005); European Feed Industry 
Species   Category   Age, production stage 
Requirements and allowances  Recommendations 
NRC
1  GfE
2  MTT  IFZZ
3  EU Feed Industry
4 
Chicken  Layer  0-6 weeks  40  50  60  50-70    
      6 weeks-first egg  35  40  35-60     75-140 
      Laying hen  35  50  60  50-60  70-135 
      Breeder hen  45           70-135 
   Fattening  0-8 weeks  40             
      Starter  40  50  50-60  60  80-140 
      Grower  40  50  50-60  50  75-130 
      Finisher  40  50  50-60  40  75-120 
Turkey  Fattening  0-4 weeks old  70   50  80  90  95-140 
      4-8 weeks old  65   40  80  70  95-140 
      8-12 weeks old  50   40  50  70  85-135 
      12-24 weeks old  40   40  50  60  75-140 
   Breeder  Laying  65     70  120  140-150 
      Not laying  40     70  120  140-150 
Geese        40        60  75-105 
Duck  Fattening  0-2 weeks old  60        70  75-135 
      Grower           70  75-135 
      Finisher           60  75-135 
Pheasant        60             
(1) Requirements. Corn-soybean meal based diets without phytase activity.  Layers: 11.9 12.1 MJ metabolisable energy 
(ME)/kg; broilers: 13.4 MJ ME/kg; turkey: 11.7 - 13.8 MJ ME/kg; pheasant: 11.7 MJ ME/kg. 
(2) Requirements. mg/kg dry matter (DM). 
(3) Lower value, minimum concentration; higher value, safety margin included. 
(4) Data provided by stakeholders following a call for data. 
2.1.2.  Pigs 
The zinc requirement of young pigs consuming a casein-glucose diet without any phytate content is 
low  (15  mg/kg;  Smith  et  al.,  1962;  Shanklin  et  al.,  1968);  however,  in  conventional  diets,  zinc 
requirement is higher. In piglets fed cereal-based diets without added phytase, maximal growth was 
reached with < 55, 47 and < 60 mg Zn/kg diet, as reported by Revy et al. (2006), Bikker et al. (2011) 
and Paulicks et al. (2011), respectively. Maximal plasma zinc was reached with 91, 67 and 95 mg 
Zn/kg  diet  by  Revy  et  al.  (2006),  Bikker  et  al.  (2011)  and  Schlegel  et  al.  (2013),  respectively. 
Requirements are based on corn-soybean meal diets without phytase activity. NRC (2012) mentions 
that zinc bioavailability is increased with phytase quoting Kornegay (1996) as reference. GfE (2006) 
also mentions that zinc supplementation can be reduced when diets are supplemented with phytase 
citing Revy et al. (2006) as reference. Agroscope (2011) includes dietary phytic phosphorus contents 
and phytase activity as additional parameters to pig body weight (bw) for zinc allowances. Maximum contents of zinc in feed 
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The most recent zinc requirements/allowances and recommendations for pigs are presented in Table 2. 
Reported values for pigs for requirements/allowances and recommendations vary between 45 and 100 
and between 90 and 150 mg Zn/kg diet, respectively.  
Table 2:   Zinc  requirements/allowances  and  recommendations  for  pigs  (mg/kg  complete  diet). 
Sources:  NRC,  USA  (2012);  GfE,  Germany  (2006);  Agroscope,  Switzerland  (2011); 
MTT, Finland (2013); IFZZ, Poland (1993); European Feed Industry  
Category  Age, production 
stage 
Requirements and allowances  Recommendations 
NRC
1  GfE
2  Agroscope
3  MTT  IFZZ
4  EU Feed 
Industry
5 
Piglet  < 11 kg bw  100  100  60-100  100  70-150  140-150 
   11-25 kg bw  80  80  60-100  100  70-150  140-150 
Pig for   25-50 kg bw  60  50-60  45-80  100  50-80  95-150 
fattening  50-135 kg bw  50  50-60  45-80  100  50-80  95-150 
Sow  Gestation, lactation  100  50  45-80  100  50-100  90-150 
Boar  Mature  50  50  45-80  100       
(1) Requirements. Corn-soybean meal based diet without phytase activity. Growing pig: 14.2 to 13.8 MJ  metabolisable 
energy (ME)/kg; sow and boar: 13.8 MJ ME/kg. 
(2) Requirements. mg/kg dry matter (DM). 
(3) Level dependent on dietary phytic phosphorus content and phytase activity. Lower values for diets with 1.5 g phytic P/kg 
and 750 FTU/kg. Upper values for 2.0 g phytic P/kg, and 0 FTU/kg. 
(4) Lower value, minimum concentration; higher value, safety margin included. 
(5) Data provided by stakeholders following a call for data. 
2.1.3.  Ruminants 
The most recent zinc requirements/allowances and recommendations for ruminants are presented in 
Table 3. Reported values for requirement/allowances and recommendations vary between 16 and 80 
and between 30 and 140 mg Zn/kg diet, respectively. Since the latest published zinc requirements for 
dairy cattle (NRC, 2001), beef cattle (NRC, 2000) and small ruminants (NRC, 2007a), further data 
have become available and are described in the next three paragraphs.  
Arrayet et al. (2002) observed no improvement in growth performance from newborn dairy calves fed 
35 or 75 mg Zn/kg dry matter (DM) for 90 days. Similarly, Wright and Spears (2004) observed no 
change in plasma and tissue zinc when dairy calves (150 kg bw) were fed 28 or 48 mg Zn/kg diet for 
98 days. Finally, Mandal and Dass (2010) observed no differences in the haemato-biochemical profile 
in calves (226 kg bw) fed a concentrate with 33 or 68 mg Zn/kg. In lactating dairy cows (36 kg 
milk/day, 610 kg bw), 96 mg Zn/kg diet decreased milk somatic cell counts and amyloid A content 
compared to a diet with 44 mg Zn/kg (Cope et al., 2009). However, relevant zinc metabolism blood 
traits (plasma zinc content, superoxide dismutase activity) were not influenced by dietary zinc level.  
Ahola et al. (2004) found increased plasma zinc concentration and an improved pregnancy rate when 
grazing beef cows were supplemented over two years with zinc at the NRC (2000) level compared 
with cows receiving no zinc supplementation. In feedlot beef cattle (246 kg initial bw, 1200 g/d bw 
gain),  Spears  and  Kegley  (2002)  observed  increased  growth  performance  and  improved  carcass 
quality, but did not observe any effect on plasma zinc nor on immune response when feeding 33 vs 25 
mg Zn/kg DM. Nunnery et al. (2007) observed no change in overall weight gain and plasma zinc, but 
a tendency for reduced (receiving phase) and improved (finishing phase) feed efficiency when feeding 
a diet with 80 mg Zn/kg compared with 53 mg Zn/kg to cattle (220 kg initial bw). Mandal et al. (2007) 
observed no effect of dietary zinc (33 vs. 68 mg Zn/kg DM) on growth performance of bulls (226 kg 
initial  bw,  500  g/d  bw  gain),  but  observed  a  higher  cell  mediated  immune  response  in  zinc 
supplemented bulls. 
Garg et al. (2008) fed a diet containing 34 or 54 mg Zn/kg DM as ZnSO4 to lambs for 190 days and 
observed  an  increase  in  plasma  zinc  with  the  zinc-supplemented  diet  but  no  effect  on  growth Maximum contents of zinc in feed 
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performance. Fadayifar et al. (2012) observed increased plasma zinc in lambs when feeding a diet with 
42 and 62 mg Zn/kg DM compared with 22 mg Zn/kg DM over 70 days and also measured increased 
growth performance. Wenbin et al. (2009) fed a diet containing 22 or 42 mg Zn/kg DM to cashmere 
goats for 60 days and observed an improved growth performance and increased plasma zinc with the 
zinc-supplemented diet.  
The more recent data described above indicate that there would be no improvement on performance 
and the measured endpoints of the zinc status when providing diets to dairy cows, beef cattle and small 
ruminants exceeding the requirements (NRC 2000, 2001, 2007a). It is therefore concluded that the 
requirements set by NRC (Table 3) are still valid. 
Table 3:   Zinc requirements/allowances and recommendations for ruminants (mg/kg DM complete 
diet). Sources: NRC, USA (2000, 2001, 2007a); GfE, Germany (1995, 2001, 2003); CVB, 
The  Netherlands (2005); Agroscope,  Switzerland  (2006,  2009);  MTT,  Finland  (2013); 
IFZZ, Poland (1994a); European Feed Industry  
Species  Category  Age, production stage 
Requirements and allowances  Recommendations 
NRC
1  GfE
2  CVB  Agroscope  MTT  IFZZ
3  EU Feed Industry
4 
Cattle  Calf  Pre-ruminating  40  40-50  30  40  50-80  45  30-140 
 
Dairy  6 months old  32
6  40  29  40  50 
 
 
 
heifer  12 months old  27
6  40  26  40  50 
 
 
   
18 months old  18
6  40  25  40  50 
 
 
   
transition to 1
st lactation  30
6  40 
 
40  50 
   
 
Dairy  Dry, 270 days gestation  22
6  50  22  50  50  50-60  70-130 
   cow  25 kg milk  43
6  50  27  50  50  50-60  70-130 
      35 kg milk  48
6  50  30  50  50  50-60  70-130 
      45 kg milk  52
6  50  35  50  50  50-60  70-130 
      55 kg milk  55
6  50     50  50  50-60  70-130 
   Beef  100 kg bw, 1000 g ADG
5  30  40  38  40 
 
40  35-45 
      250 kg bw, 1200 g ADG  30  40  30  40     40  35-45 
      500 kg bw, 1100 g ADG  30  40  29  40     40  35-45 
Goat  Growing  10 kg bw, 100 g ADG  26  50-80     50     45-75  110-130 
 
   20 kg bw, 150 g ADG  21  50-80     50     45-75  110-130 
 
   30 kg bw, 200 g ADG  22  50-80     50     45-75  110-130 
 
   40 kg bw, 200 g ADG  18  50-80     50     45-75  110-130 
   Mature  Dry  18
7  50-80  17  50     45-75  110-130 
      Lactating  35
8  50-80  25  50     45-75  110-130 
Sheep  Growing  20 kg bw, 200 g ADG  26  50-80     50     45-75  110-130 
 
   40 kg bw, 400 g ADG  39  50-80     50     45-75  110-130 
 
   60 kg bw, 500 g ADG  38  50-80     50     45-75  110-130 
 
   80 kg bw, 400 g ADG  33  50-80     50     45-75  110-130 
 
Mature  Dry  36
9  50-80  23  50     45-75  110-130 
      Lactating  46
10  50-80  16  50     45-75  110-130 
(1), (2) Requirements. 
(3) Lower value, minimum concentration; higher value, safety margin included. 
(4) Data provided by stakeholders following a call for data. 
(5) ADG, average daily gain. 
(6) Calculated with bw category of 680 kg.  
(7) Mature doe, 60 kg bw, early gestation, twin kids. 
(8) Mature doe, 60 kg bw, early lactation, twin kids. 
(9) Mature ewe, 100 kg bw, early gestation, twin lambs. 
(10) Mature ewe, 100 kg bw, early lactation, twin lambs.  Maximum contents of zinc in feed 
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2.1.4.  Horses 
The most recent zinc requirements/allowances and recommendations for horses are presented in Table 
4. The reported values for requirement/allowances vary between 38 and 50 mg Zn/kg DM.  
No articles on this subject has been published since the latest zinc requirement update for horses 
(NRC, 2007b). 
Table 4:   Zinc  requirements/allowances  and  recommendations  for  horses  (mg/kg  dry  matter 
complete  feed).  Sources:  NRC,  USA  (2007b);  GfE,  Germany  (1994);  INRA,  France 
(2012); MTT, Finland (2013); IFFZ, Poland (1994b); European Feed Industry 
Category  Age, production stage 
Requirements and allowances   Recommendation 
NRC
1  GfE
2  INRA  MTT  IFFZ  EU Feed Industry
3 
Growing  4 -24 months  40  50  50  45  50  80 
Stallion      40  50  50     50  80 
Mare  pregnant, lactation  38-40  50  50  48  50  80 
Adult  No work - heavy work  40  50  50  40  50  80 
(1) Requirements. Adult horse with 600 kg bw. 
(2) Requirements. 
(3) Data provided by stakeholders following a call for data. 
2.1.5.  Rabbits 
Published zinc recommendations for rabbits vary between 30 and 60 mg/kg diet with higher values for 
breeders (Mateos and de Blas, 1998). The zinc requirements/allowances from INRA (1989) are 50 
mg/kg diet in rabbits for fattening and 70 mg/kg diet for breeder rabbits. The EU  Feed Industry 
recommends a dietary zinc level for rabbits of 80–100 mg/kg. 
2.1.6.  Fish 
Fish have the ability to absorb some zinc from water, but the diet is the predominant uptake route 
(Willis and Sunda, 1984; Spry et al., 1988). However, water quality may affect zinc requirements as 
channel catfish required about 20 mg Zn/kg DM in hard water (>100 mg CaCO3/L) and 20–40 mg 
Zn/kg DM when held in soft water (<1 mg CaCO3/L) (Scarpa and Gatlin, 1992). 
According to Clearwater et al. (2002), 20 mg Zn/kg DM in a semi-purified diet (0.3–0.4 mg/kg bw and 
day)  are  sufficient  for  a  wide  range  of  fish  species.  NRC  (2011)  mentions  that  dietary  zinc 
requirements have been established for a number of different fish species fed semi-purified diets: 15  
30 mg/kg for rainbow trout (Ogino and Yang, 1978) and for carp (Ogino and Yang, 1979), 20 mg/kg 
for channel catfish (Gatlin and Wison, 1983) and 26 29 mg/kg for hybrid tilapia (Lin et al., 2008) and 
30 mg Zn/kg for Nile tilapia (Eid and Ghonim, 1994). Tan et al. (2011) and Feng et al. (2011) fed diets 
with increasing zinc levels (15, 27, 41, 58, 69 and 93 mg Zn/kg) to juvenile Jian carp and found that a 
levels of 40 mg Zn/kg or higher improved growth performance and decreased lipid peroxidation and 
protein oxidation and improved antioxidant defense compared with levels below 40 mg Zn/kg diet. 
These authors estimated the zinc requirement for juvenile Jian carp to be 48 mg Zn/kg diet. Liang et 
al.  (2012)  estimated  the  zinc  requirement  for  juvenile  grass  carp  to  be  55  mg  Zn/kg.  The  zinc 
requirement in Atlantic salmon (Salmo salar) fry during start feeding was reported to be 57–97 mg/kg 
(Maage et al., 1991). Feeding channel catfish, blue tilapia, or Atlantic salmon  semi-purified diets 
fortified with sodium phytate increased their zinc requirements to approximately 100–200 mg Zn/kg 
DM (Gatlin and Wilson, 1984; McClain and Gatlin, 1988; Gatlin and Phillips, 1989; Gatlin et al., 
1989; Maage and Julshamn, 1993). Gatlin and Wilson (1983) found that 20 mg Zn/kg diet was the 
minimal requirement for channel catfish. Fountoulaki et al. (2010) showed that the optimum dietary 
zinc level for European sea bass (Dicentrarchus labrax) juveniles would be   91 mg Zn/kg diet. Maximum contents of zinc in feed 
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Using  diets  based  on  common  feedstuffs,  Maage  and  Julshamn  (1993)  estimated  the  dietary 
requirement for Atlantic salmon to be between 37 and 67 mg/kg. More recently, the same research 
group (Maage et al., 2001) fed a diet containing either 50 or 180 mg Zn/kg feed to Atlantic salmon for 
six months and found no differences in growth or mortality but zinc status increased with the higher 
dietary zinc level. Apines et al. (2001) fed either 55 or 87 mg Zn/kg to rainbow trout fingerlings and 
found no differences in growth and alkaline phosphatase activity, but increased whole body zinc and 
bone zinc concentrations. According to Luo et al. (2011), who studied six dietary zinc levels between 
8  and  76  mg  Zn/kg,  yellow  catfish  juveniles  reached  maximal  specific  growth  rate  and  protein 
efficiency rate at respectively 17 and 21 mg Zn/kg diet. Savolainen and Gatlin (2010) fed 46, 51, 56 or 
66 mg Zn/kg diet to fingerling hybrid striped bass for eight weeks and did not observe any dose-
response effect of dietary zinc on scale and bone zinc contents. 
Recommendations from the European Feed Industry for fish are the following: 300, 250, 200 and 300 
mg Zn/kg for larval fish, fry-fingerlings, on-growing fish and broodstock, respectively.
9 
2.1.7.  Dogs and cats 
The most recent zinc requirements/allowances and recommendations for dogs and cats are presented 
in Table 5. As published experiments on zinc requirements are very scarce, NRC (2006) published 
requirements only for puppies, kittens and lactating cats and specifically included allowances for all 
categories. No paper on this subject has been published since the latest zinc requirement update for 
dogs and cats (NRC, 2006). 
Table 5:   Zinc requirements/allowances (mg/kg diet dry matter) for dogs and cats. Sources: NRC, 
USA (2006); GfE, Germany (1989); FEDIAF (2012) 
Species  Category 
Requirements and allowances 
NRC
1  NRC
2  GfE
3  FEDIAF 
Dog  Puppies after weaning  40  100  100  100 
  Adult, lactation     96  100  100 
 
Adult, maintenance     60  100  72 
Cat  Kittens after weaning  50  75 
  
75 
  Adult, lactation  42  60  75 
 
Adult, maintenance     74  75 
(1), (3) Requirements. 
(2) Allowances. 
2.2.  Zinc deficiency 
Following  early  research  on  experimental  zinc  deficiency  in  laboratory  animals,  signs  of  zinc 
deficiency in farm animals were shown to include decreased growth and parakeratosis in swine and 
ruminants, and decreased growth, frizzled feathers, shortening and thickening of the long bones, and 
enlarged hocks in chicken (Nielsen, 2012). In dogs, zinc deficiency leads to dermatological disease 
and immune deficiency (Cunningham and Kovacic, 2009). Data on other animals are relatively scarce 
but there are reasons to believe that the wide spectrum of clinical signs of severe zinc deficiency in 
humans, i.e. epidermal, gastrointestinal, central nervous, immune, skeletal and reproductive system 
disorders (Hambidge, 2000), also applies to the above animals and others. In humans, milder zinc 
deficiencies are associated with growth defects, diarrhea, increased number of infectious diseases, 
impaired neuropsychologic performance, prenatal development, pregnancy outcome, and childhood 
morbidity and mortality (Hambidge, 2000). Without having a biomarker for cellular zinc status, a 
causative  relationship  between  milder  states  of  zinc  deficiency  and  disease  is  often  difficult  to 
establish and relies largely on improvement of function when zinc is supplemented.  
                                                       
9 Data submitted to EFSA in 2013 following a call for data. Maximum contents of zinc in feed 
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Zinc  deficiency  is  considered  to  cause  an  increased  oxidative  stress  that  leads  to  damage  to 
biomolecules including DNA (Oteiza, 2012). This relationship provides a molecular mechanism for 
the role of zinc in genomic stability (Sharif et al., 2012) and for the risk of developing degenerative 
neurological disease, cancer, diabetes and of accelerated ageing, all consequences that are important 
when considering the long-term quality of livestock and its health.  
Reduced activity of various zinc metalloenzymes is another common sign of deficiency in fish (NRC, 
2011). Low dietary zinc was studied in an experiment in Atlantic salmon lasting from first feeding 
until about 30 g body weight (Baeverfjord et al., 2013). The vertebral column of fish fed low-zinc 
diets was compressed, this finding being comparable to the description of “short body dwarfism” 
described for zinc deficiency in rainbow trout (Satoh et al., 1987a, b, c). In order to identify long-term 
impacts  of  zinc  deficiency  on  bone  pathology,  salmon  with  zinc  deficiency-induced  vertebral 
deformities were subsequently maintained on a commercial diet through smoltification until the fish 
weighed on average 1 kg. Even though zinc status was restored by the time of seawater transfer, the 
vertebral compression was still evident when the fish were 1 kg body weight. 
Genetic factors leading to zinc deficiency are also known. Uptake of zinc into the intestinal tissue is 
mainly determined by the zinc transporter ZIP4. Mutations in this transporter lead to acrodermatitis 
enteropathica  in  humans;  related  mutations  and  associated  disease  have  been  described  in  cattle 
(Holstein  Friesians,  A46  lethal  trait)  (Kury  et  al.,  2002;  Wang  et  al.,  2002;  Yuzbasiyan-Gurkan; 
Bartlett, 2006).  The lethal acrodermatitis shows similar symptoms in bull terriers but seems to be 
refractory to zinc treatment (Grider et al., 2007). Only recently have mutations in swine been detected 
(Siebert et al., 2013). The extent of these mutations in swine is unknown but indicates that Pietrain 
pigs have higher zinc absorption rates owing to a mutation in Zip4 (Siebert et al., 2013). Since there 
are many other proteins are involved in zinc homeostasis, it is expected that additional mutations 
affect  the  requirement  of zinc  in the  diet,  mandating  higher  or lower  requirements  in  genetically 
susceptible animals. ZIP4 is down-regulated at high doses of zinc (Weaver et al., 2007; Sargeant et al., 
2010). Additional inherited diseases caused by poor zinc absorption should be considered in goats and 
Northern breed group dogs (Hensel, 2010). 
Conditioned zinc deficiency elicited by dietary factors is described in the literature, particularly in pigs 
and fish. It is reviewed in detail in Section 4.2. 
2.3.  Tolerance of animals to dietary zinc  
Zinc is tolerated by animals at relatively high dietary amounts. In general, animals are able to tolerate 
much  higher  levels  of  zinc  than  those  naturally  occurring  in  feed  materials  and/or  in  balanced 
complete/complementary diets supplemented up to the maximum levels permitted in the European 
Union.  EU  legal  provisions  (Regulation  (EC)  No  1334/2003)  established  a  maximum  total  zinc 
content/kg complete feed of 250 mg for pet animals, of 200 mg for fish and milk replacer and of 150 
mg for other animal species. Nonetheless, adverse effects of high zinc have been reported to occur 
under non-experimental conditions.  
The  most  comprehensive  review  of  maximum  tolerable  zinc  concentrations  in  animals  has  been 
carried  out  by  the  NRC  in  its  revision  of  2005  (NRC,  2005).  Most  data  from  which  maximum 
tolerable  levels  (MTLs)  are  derived  rely  on  studies  conducted  some  decades  ago,  when  it  was 
generally assumed that zinc had a relatively low toxicity for animals. In the last decade only a few 
studies have been carried out to better redefine these MTLs. In most of these studies high amounts of 
zinc were given to animals and tolerance was established considering very general parameters related 
to feed intake and growth rate. However, even in the absence of negative effects on performance and 
with lower zinc intakes, zinc interferes with the metabolism of other ions, such as copper and iron, 
depressing the immune function, at the same time as showing adverse effects on the ratio of low-
density  lipoprotein  to  high-density  lipoprotein  (LDL/HDL)-cholesterol  (Fosmire,  1990)  while 
pathological changes are found in the pancreas (exocrine portion), kidney, liver, adrenal gland, rumen, 
abomasums and small intestine (Allen et al., 1983; NRC, 2005). In addition, it is well established that Maximum contents of zinc in feed 
 
EFSA Journal 2014;12(5):3668  15 
different compounds of zinc widely differ in bioavailability (see Section 4.1) and probably in toxicity, 
and  this  information  has  not  been  taken  into  account.  Furthermore,  zinc  toxicity  in  animals  also 
depends on the duration of feeding, nutritional history (including other essential minerals, such as 
calcium, copper and iron), the physiological state and the genotype. 
The MTLs seem to be quite well established for intensively grown livestock, e.g. poultry and more 
particularly pigs, which are routinely supplemented with zinc in fully balanced complete diets. Less 
information  is  available  for  ruminants,  which  are  less  tolerant  to  zinc  than  swine  and  poultry 
(Underwood, 1977). Finally, for horses, rabbits and pets the information is very sparse. 
2.3.1.  Poultry 
The MTL of zinc for poultry was set at 500 mg/kg diet (NRC, 2005). Although studies conducted with 
diets adequate in all nutrients and published before the 1980s indicated that poultry could tolerate up 
to 1000 mg Zn/kg without depression of growth rate and feed/gain (NRC, 1980), more recent studies 
indicate that this level is not safe. Several studies (Sandoval et al., 1997a, 1998, 1999; Cao et al., 
2000) have reported reductions in feed intake and weight gain when zinc exceeded 500 mg/kg diet, 
especially when the source was zinc sulphate. When diets were marginally deficient in iron, 1000 mg 
Zn/kg diet also resulted in depressed growth (Blalock and Hill, 1988). Lesions in the pancreas and 
gizzard of chicks fed 1000 mg Zn/kg diet were reported by Dewar et al. (1983). Zinc caused decreased 
growth and signs of pancreatic pathology when added at 500 mg/kg to purified diets (Lu and Combs, 
1988; Lu et al., 1990). Mild histological changes in the thyroid were observed in chicks fed 200 mg 
Zn/kg diet, and this dose decreased plasma levels of thyroxine in laying hens (Kaya et al., 2001, 
2002); however, functional or pathological consequences of these changes have not been shown.  
Huang et al. (2007) fed day-old chickens for fattening diets containing zinc concentrations up to 170 
mg (corresponding to 140 mg Zn/kg supplemented as zinc sulphate) for 21 days. The authors observed 
that  maximum  weight  gain  and  feed  intake  occurred  at  a  supplemention  rate  of  20  mg  Zn/kg 
(corresponding to about 50 mg total zinc). Similarly, Jahanian et al. (2008) observed that in broiler 
chicks, increasing zinc concentration from 105 to 145 mg/kg diet (by supplementing zinc sulphate to a 
basal diet containing 25 mg Zn/kg) for 42 days significantly decreased average feed intake. In a study 
by Trindade Neto et al. (2011) in brown layer hens, increasing total dietary zinc (diet supplemented 
with chelated zinc) from 137 to 655 mg/kg diet reduced bird performance and egg quality parameters 
(decreased shell weight, percentage of ash, yolk ash deposition and total ash deposition). 
2.3.2.  Pigs 
Pigs are possibly the livestock species with the highest tolerance to zinc. The MTL of zinc for pigs 
was set at 1000 mg/kg diet (NRC, 2005); this concentration is well above the maximum authorised 
level established by the EU, which is justified based on environmental concerns. Over the last few 
years most research has been focused on establishing the zinc requirement based on feed intake and 
growth  responses  (see  Section  2.1.2)  and  hardly  any  information  is  available  for  dietary  zinc 
concentrations above 100 150 mg Zn/kg diet that would justify a change of the MTL. However, when 
evaluating  reproductive  performance  in  boars,  García-Contreras  et  al.  (2011)  found  that 
supplementation of diets to a total of 225 mg Zn (from zinc methionate)/kg diet resulted in adverse 
effects  on  the  sperm  DNA  quality  which  could  be  related  to  the  ability  of  the  spermatozoa  to 
accumulate zinc during spermatogenesis. 
2.3.3.  Ruminants 
Ruminants, particularly young and gestating animals, show a lower tolerance to dietary zinc than other 
livestock species. Their susceptibility to zinc seems to be related to the great interference of zinc on 
copper metabolism (especially in sheep because of their particular susceptibility to copper deficiency; 
see Suttle, 2010) as well as the effect of high doses of zinc on the rumen metabolism; zinc sulphate 
supplementation of ruminant diets at levels greater than 1000 mg/kg has shown negative effects on the 
ruminal flora and feed digestibility (Durand and Kawashima, 1980; Froetschel et al., 1990). Dairy Maximum contents of zinc in feed 
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cattle, however, appear to tolerate higher zinc dietary levels (up to twice the amount) because of the 
additional route of excretion in milk.  
The  MTL  for  cattle  was  set  at  500  mg/kg  (NRC,  2005);  more  recent  studies  support  this 
recommendation. Young calves fed milk replacer tolerated 500 mg Zn/kg diet for five weeks without 
adverse effects, but 700 mg/kg diet caused a reduction in weight gain, feed intake and feed efficiency 
(Jenkins and Hidiroglou, 1991). Wright and Spears (2004) administered a diet containing 530 mg Zn 
(from zinc sulphate, zinc proteinate and a mixture of both zinc sources)/kg diet to Holstein calves for 
14 days to evaluate the effects of dose and source on metabolism and zinc tissue concentrations; no 
adverse effects were recorded. Arelovich et al. (2000) administered zinc chloride by ruminal cannulas 
to provide the equivalent of an additional 30, 250 and 470 mg Zn/kg diet to heifers that were fed 
prairie hay and urea. This was administered to evaluate the effect of zinc on ruminal fermentation, 
forage intake and digestion. It was found that zinc supplementation at a concentration of 250 mg/kg 
may decrease the likelihood of urea toxicity and increase energetic efficiency of ruminal fermentation, 
but adding 470 mg Zn/kg tended (P= 0.06) to depress digestibility. Recently, Sobhanirad and Naserian 
(2012) evaluated the effect of the supplementation of 500 mg Zn (from zinc sulphate monohydrate and 
zinc  methionine)/kg  diet  to  a  basal  diet  containing  42  mg  Zn/kg  DM  on  the  haematological  and 
biochemical parameters of Holstein dairy cows, and reported no negative effects. Moreover, organic 
zinc supplementation showed a positive effect on red blood cell parameters, fibrinogen concentration 
and lactate dehydrogenase and superoxide dismutase activities compared with the control diet.  
For sheep, the MTL was set at 300 mg/kg diet (NRC, 1980). In one experiment (Henry et al., 1997) 
zinc concentrations as high as 2100 mg/kg were fed for as long as 30 days without reducing feed 
intake, but tissues were not examined for histological lesions. Recent studies in Brazil indicate that 
feeding weaning lambs diets supplemented with zinc at 200, 400 and 600 mg/kg (information on zinc 
concentration in the basal diet was not available) from different sources (zinc oxide, zinc proteinate 
and zinc amino acid) for 114 days did not cause any negative effects on animal performance (Vilela et 
al., 2012). Wang et al. (2006) did not find any significant difference in body weight gain and feed to 
gain between lambs given different levels of zinc supplementation (50, 100 and 150 mg/kg diet) for 70 
days;  zinc  content  in  basal  diet  was  16  mg/kg  feed.  However,  at  the  higher  level  of  zinc 
supplementation, a decrease in vitamin B12 concentration was found. It seems likely that the high-zinc 
diet resulted in an imbalance in the trace element intake, which in turn did not favor the appropriate 
activity of the ruminal microorganisms, thereby impairing cobalt availability incorporated into vitamin 
B12. 
2.3.4.  Horses 
Excessive chronic intake of zinc by horses is uncommon but devastating in rapidly growing foals. Zinc 
is a potent inhibitor of copper absorption, leading to a secondary copper deficiency (Cymbaluk and 
Smart, 1993). Copper deficiency in foals causes severe degenerative disease of cartilage (because 
copper is a required co-factor of lysyl oxidase, an enzyme needed for collagen synthesis) characterised 
by breaking of articular and growth plate cartilage through the zone of hypertrophic cells, resulting in 
arthritis and periarticular enlargement of the long bones (Eamens et al., 1984; Bridges and Harris, 
1988). 
A MTL of 500 mg Zn/kg diet has been set for horses by the NRC (1980) and remains unchanged in 
the absence of new data which may redefine it. Schwarz and Kirchgessner (1979) indicated a tolerable 
level of about 1000 mg Zn/kg diet, but it should be noted that foals seem to be more sensitive and 
exhibit shortened tendons and osteochondrosis as a result of secondary copper deficiency. Moreover, 
gestating mares are more sensitive to high zinc intake (Meyer and Coenen, 2002). Bridges and Moffitt 
(1990) investigated the influence of variable zinc content (29.1, 250, 1000 and 2000 mg/kg DM) in a 
basal diet containing 7.7 mg Cu/kg on the ability of weanling foals to maintain normal copper balance. 
Foals  fed  the  lower-zinc  diets  (up  to  250  mg/kg)  maintained  normal  serum  copper  and  zinc 
concentrations  for  14  to  15  weeks,  whereas  those  fed  the  two  highest  zinc  diets  became 
hypocupraemic within five to six weeks and were lame within  six weeks, owing to cartilaginous 
disease characteristic of osteochondritis dissecans. Foals fed the high-zinc diets became lame after 
serum copper concentration had remained at 0.3 µg/mL for more than one week. Maximum contents of zinc in feed 
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2.3.5.  Rabbits 
For rabbits no MTL has been established by the NRC. No pathological changes related to zinc excess 
in feed have been described in recent literature. Hossain and Bertechini (1993) administered a diet 
supplemented withup to 270 mg Zn (from zinc oxide)/kg (to a basal diet containing 16 mg Zn/kg) to 
50-day-old New Zealand White (NZW) rabbits for 21 days. Body weight gain was not affected by zinc 
supplementation and no signs of toxicity were observed. Recently, Nessrin et al (2012) studied the 
growth response of 5-week-old NZW rabbits to increasing zinc supplementation levels (0, 50, 100, 
200 or 400 mg Zn (as zinc oxide)/kg diet, to a basal diet containing 22.3 mg Zn/kg) for eight weeks. 
Zinc supplementation at up to 200 mg Zn/kg diet significantly improved body weight gain and feed to 
gain ratio, but 400 mg Zn/kg diet resulted in significantly reduced body weight gain and an increased 
feed to gain ratio. 
2.3.6.  Fish  
The NRC evaluated the maximum tolerable zinc concentration in several animal species and found 
this to be 250 mg/kg for fish (NRC, 2005). Regarding the tolerance level for fish, the FEEDAP Panel 
previously  noted  that  the  values  reported  in  the  literature  (Clearwater  et  al.,  2002)  are  markedly 
different for different species, i.e. < 100 mg/kg for tilapia (Oreochromis niloticus) and > 2000 mg/kg 
for carp (several species) and rainbow trout (Oncorhynchus mykiss) (EFSA FEEDAP Panel, 2012a, b, 
c, d). 
Using  whole-body  responses  such  as  growth depression  as a  parameter  of impaired performance, 
dietary zinc concentrations up to 1700 mg/kg were tolerated by rainbow trout (Oncorhynchus mykiss) 
(Wekell et al., 1983). However, physiological parameters such as blood haematocrit and haemoglobin 
indicated that dietary zinc concentrations of 1000 mg/kg compromised the health of rainbow trout 
(Knox et al., 1984). Rainbow trout and turbot (Scophthalmus maximus) fed dietary zinc (from zinc 
sulphate heptahydrate or zinc chloride) at concentrations ranging from 30 to 3000 mg Zn/kg feed in 
several studies showed no evidence of toxicity in terms of reduced growth or survival (Ogino and 
Yang ,1978; Wekell et al., 1983, 1986; Knox et al., 1984; Overnell et al., 1988a, b; Mount et al., 1994; 
Kock and Bucher 1997). This has led to the general impression that dietary zinc is relatively non-toxic 
to fish. However, owing to the low feeding ratios used in many of the studies, it was calculated that the 
highest zinc doses were often below 24 mg Zn kg/bw per day (Clearwater et al., 2002). In rainbow 
trout dietary doses in the range of 20 23 mg Zn/kg bw per day had antagonistic effects on iron and 
copper tissue levels, and Clearwater et al. (2002) established a threshold level of >30 mg Zn/kg bw per 
day based on these effects; thus, further emphasizing that growth and/or survival are not the most 
sensitive endpoints for assessing dietary toxicity of trace elements. The EU maximum content for zinc 
is set at 200 mg/kg feed; surveillance on Norwegian commercial salmon feeds in the years 2004-2009 
revealed average levels ranging from 141 to 168 mg/kg feed, with the highest observed level of 260 
mg/kg (Sissener et al., 2013)
 . With an assumed high feed consumption of 3.5 % per kg bw and day for 
juvenile Atlantic salmon, the highest observed zinc feed level would correspond to a dose of about 9 
mg Zn per kg bw and day, while average feed levels would give a dose of about 5 mg per kg bw and 
day.  For  adult  fish,  with a  much  lower  feed intake  (<  1 %  per  bw and  day),  the  maximum  zinc 
exposure  would  be  about  1.5  mg  Zn  kg  bw  and  day  for  the  highest  observed  feed  level.  These 
exposure doses would be considerably below the threshold level of > 30 mg Zn per kg bw and day. 
Marine fish larvae such as gilthead seabream (Sparus aurata), cod (Gadus morhua) and Atlantic 
halibut (Hipoglossus hipoglossus) are fed for up to a couple of months on live feed. The species of live 
feed include artemia, rotifers and copepods which contain 49 570 mg Zn/kg DM (Hamre et al., 2008, 
2013).  
2.3.7.  Dogs and cats 
Information on dietary zinc toxicity in dogs and cats is very sparse.  
The MTL in cats has been set at 600 mg/kg diet (NRC, 2005) based on a study of Sterman et al. 
(1986), in which no clinical abnormalities were reported when 600 mg Zn/kg diet was fed to adult cats Maximum contents of zinc in feed 
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for six weeks; plasma zinc concentration rose to 1200 μg/L compared to 900 μg/L in cats fed 100 mg 
Zn/kg. To the FEEDAP Panel‟s knowledge, no other studies in cats have been published in the recent 
literature. 
No MTL has been established for dogs (NRC, 2005). No experimental data were found for dogs 
receiving zinc concentrations in their diet above the limits established by the EU, although cases of 
zinc toxicity have been reported in dogs owing to accidental ingestion of coins and other metallic 
objects. Zinc supplementation at concentrations of 100 180 mg/kg in commercial diets for puppies 
showed  positive  effects  compared  with  controls  in  terms  of  growth  rate  and  hair  coat  properties 
(Vester et al., 2006; Jamikorn and Preedapattarapong, 2008).  
Some  dog  breeds  deserve  special  attention,  particularly  the  Bedlington  Terrier  and  the  Labrador 
Retriever but also the West Highland White Terrier, the Skye Terrier, Dobermann pinschers and the 
Dalmatian hound, which have inherited susceptibility to copper-associated chronic hepatitis (Johnson, 
2008). Therapeutic doses of zinc of approximately 20 mg/kg body weight per day (equivalent to a 
concentration of approximately 1400 mg Zn/kg diet) are given for two to three months, followed by 
maintenance of half of this dose, to block the copper uptake by the enterocyte and decrease copper 
accumulation in the liver (Brewer et al., 1992; Hoffmann et al., 2009). 
2.4.  Therapeutic use of zinc in piglets 
Zinc oxide has a widespread therapeutic use in piglets. It is considered in many EU countries as an 
attractive  alternative  to  the  use  of  antibiotics  as  feed  additives,  which  has  been  phased  out. 
Pharmacological doses as high as 1000 3000 mg of zinc/kg diet can be given to piglets for up to five 
weeks to prevent or overcome post-weaning diarrhea and improve pig performance (ANSES, 2013; 
Sales, 2013). Numerous studies carried out in the last few years have demonstrated the benefits of zinc 
oxide as a growth promoter in post-weaning piglets at the above mentioned concentrations. However, 
some studies have failed to observe beneficial effects of therapeutic levels of zinc (review in Sales, 
2013), whereas others have found negative effects such as reduced feed intake and growth when given 
at concentrations of 4000 5000 mg Zn/kg diet (Hill and Miller, 1983; Poulsen, 1989, 1995). 
When reviewing other literature (BT Li et al., 2001; Mavromichalis et al., 2001; Hojberg et al., 2005; 
Han and Thacker, 2010; Hu et al., 2013; Janczyk et al., 2013; Martin et al., 2013), the following 
outcomes on efficacy, optimum dose and treatment became evident. The therapeutic dose of zinc from 
zinc oxide is effective in preventing diarrhea and stimulating growth. The optimum dose is about 2500 
mg Zn/kg feed, while concentrations of 4000 and 5000 result in adverse effects (see EC, 2003a). The 
therapeutic concentrations should be applied only in the first two weeks after weaning; extending this 
treatment may result in adverse effects owing to the toxicity of this high zinc supply, counteracting the 
beneficial effects on the health status of the 2-week treatment. However, further studies to optimise the 
zinc dose and treatment duration are considered necessary.  
Feeding of high zinc concentrations may stimulate the occurrence of resistance to zinc in the pig gut 
microbiota  (Fard  et  al.,  2011;  Vahjen  et  al.,  2011a)  and  may  play  a  role  in  the  coselection  of 
methicillin-resistant  Staphylococcus  aureus  (MRSA)  (Aarestrup  et  al.,  2010; Cavaco  et  al.,  2010, 
2011;  Moodley  et  al.,  2011;  Agerso  et  al.,  2012;  AMCRA,  2012).  This  finding  requires  specific 
attention and further observations.  
Despite  several  hypotheses,  the  exact  mechanism  whereby  dietary  zinc  improves  growth  of  post-
weaning  pigs  is  yet  to  be  demonstrated  (Heo  et  al.,  2010;  Shelton  et  al.,  2011).  Antimicrobial 
properties of zinc oxide were illustrated by changes in the gastrointestinal ecosystem of the piglet 
(Molist et al., 2011; Slade et al., 2011; Vahjen et al., 2011b; Pieper et al., 2012; Hu et al., 2013), 
leading to the assumption that high levels of dietary zinc oxide enhanced the growth of weaned pigs 
by controlling pathogenic bacterial scours. Carlson et al. (1999) suggested a systemic effect via the 
blood rather a direct influence on the gastrointestinal tract which is supported by more recent findings 
of  Zhang  and  Guo  (2007).  Conversely,  the  effectiveness  of  zinc  oxide  despite  its  relatively  low 
availability compared with other sources of zinc indicated a local effect on the intestine (Pérez et al., 
2011). Proposed mechanims also include an increase in barrier functions/properties of the intestinal Maximum contents of zinc in feed 
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epithelium (Rodriguez et al,. 1996; Carlson et al., 2006; Feng et al., 2006; Hedemann et al., 2006; Hu 
et al., 2013; Martin et al., 2013; Sanz Fernandez et al., 2013), immunomodulation (Roselli et al., 2005; 
Kim et al., 2012; Hu et al., 2013) and reduced activation of cAMP-operated K
+ and Cl  channels 
leading to reduced loss of water and other osmolytes (Carlson et al., 2007). 
3.  Zinc in feedingstuffs  
Data on zinc in feedingstuffs are reviewed below in a condensed form. Details are described in the 
Appendix  A  for  the  zinc  content  of  feed  materials,  Appendix  B  for  phytate and  phytase in  feed 
materials and Appendix C on the background concentrations of zinc in complete feed. Appendices D 
and E refer to the data collected from European countries within the call for data launched by EFSA.  
3.1.  Feed materials  
Zinc concentrations in plants and plant materials are influenced by soil concentration, soil conditions 
which influence zinc uptake (pH, ion exchange capacity, etc.), fertilisation and genetic differences in 
plant  species,  part  of  plant,  stages  of  maturity,  etc.  Due  to  plant  processing  (milling,  extraction 
processes, etc.) element concentration can be altered (concentration, contamination, dilution, etc.). 
Zinc concentrations in plant materials are in the range 10 200 mg/kg, with cereals, legumes and 
oilseeds in the range 15 30 mg/kg, oilseed meals between 30 and 125 mg/kg and germ meals (maize, 
wheat) and beet leaves between 130 and 190 mg/kg. Forages, depending on the cut, contain between 
15 and 35 mg Zn/kg DM. Feed materials of animal origin (meals of bone, meat, feathers) contain high 
zinc  levels  (115 160  mg  Zn/kg)  (Appendix  A,  Tables  A1,  A2,  A3,  A4  and  A5).  The  zinc 
concentration in fish meal is dependent on the species used to produce the meal from (29 210 mg 
Zn/kg; Appendix A, Table A6). Contents of zinc in fish meal and meals produced from Arctic krill, 
Antarctic krill and Arctic amphipod were 80, 51, 81 and 58 mg/kg DM, respectively (Moren et al., 
2006). 
Dietary phytate is the major limiting factor for zinc bioavailability in rats, broilers and piglets (see 
Section 4.2.1). Phytate P concentrations of 0.5 1.3 % are noted in wheat by-products, rice bran and 
maize/wheat gluten feed and of 0.3 0.5 % in triticale and oilseed meals, while in cereals and legumes 
the content is < 0.3 %, representing between 50 and 80 % of total phosphorous (Appendix B, Table 
B1). In cereal and oilseed diets, phytate antagonism principally concerns native zinc, already bound to 
phytates. Zinc content in feed components from plant origin is positively correlated to the phytate P 
content, with ~10 mg of zinc bound to 1 g phytate P in cereals (Revy et al., 2003). Rodrigues-Filho et 
al. (2005) determined that two out of the three identified phytate molecules from wheat grains contain 
zinc. Compiled literature data suggest that on average 80 % of zinc is bound to phytate (Appendix B, 
Table B2).  
3.2.  Complete feed – Background zinc levels  
Background  levels  are  defined  as  the  trace  element  concentrations  in  the  complete  feedingstuffs 
delivered by the feed materials. Hence, a background level simulation implies combining data of trace 
element composition tables of feed materials with complete feedingstuff composition data. The zinc 
background levels were calculated for a list of animal species/categories complete feed formulations 
(n= 35; Appendix C, Table C1) using the data from CVB (2007) or INRA (2004) and Batal and Dale 
(2008). Table C1 does not include zinc from trace element premixtures but includes the zinc element 
concentrations for mineral sources (considered as feed minerals), according to the data from Batal and 
Dale (2008). 
Differences between the two simulated background level values for the same complete feedingstuff 
are mainly due to differences in zinc content in the feed materials data from CVB (2007) and INRA 
(2004) tables. More data are available on zinc content in feed materials in the CVB tables than in the 
INRA  tables.  In  order  to  have  the  same  amount  of  feed  materials  in  both  simulations,  for  feed 
materials for which no zinc content was available in the INRA tables, CVB values were used to 
complete the dataset.  Maximum contents of zinc in feed 
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From Table C1 (Appendix C) it becomes evident that for pigs, poultry and ruminants, zinc background 
levels in complete feeds are in the range 25 45 mg/kg feed, while in feeds for rabbits, fish and pets, 
the levels are in the range 45 75 mg/kg. The latter range is confirmed for dogs and cats by data 
submitted by the industry (Appendix C; Table C2). In contrast, food for other pets may have a lower 
zinc content: food for dwarf rabbits, hamsters and guinea pigs has a zinc content in the range 9 42 mg, 
that for fish (goldfish, tropical fish) contains 15 31 mg and that for ornamental birds 15 43 mg Zn/kg 
food. These wide ranges reflect also the variety of feed materials used in formulating pet foods. 
3.3.  Feed additives 
Several  compounds  of  zinc  (zinc  lactate,  trihydrate;  zinc  acetate,  dihydrate;  zinc  carbonate;  zinc 
chloride,  monohydrate;  zinc  oxide;  zinc  sulphate,  heptahydrate;  zinc  sulphate,  monohydrate;  zinc 
chelate of amino acids, hydrate; zinc chelate of glycine, hydrate; zinc chloride hydroxide monohydrate 
(minimum zinc content 54 %);
10 zinc chelate of hydroxy analogue of zinc (zinc content 17.5 18 %);
11 
methionine-zinc, technically pure (zinc content 17.5 18.5 %)
12) are currently authorised as nutritional 
feed additives in the EU.   
3.4.  Zinc in compound feed – Data from the control by European countries  
EFSA launched a call for data throughout the EFSA‟s Focal Points to collect data on the official feed 
control on zinc monitoring. In total, data from 22 European countries were received, covering a total 
of 13618 feed samples; the bulk of the data refers to feed for pigs, poultry and ruminants, followed by 
feed for horses, pets and rabbits. These raw data were submitted to a validation procedure: 
- The first criterion consisted in the inclusion/exclusion of samples considering the type of feed. 
For most animal species/categories only Complete feed samples were considered. Complementary 
feed, which was labelled to be as 100 % of the daily ration was attributed to complete feed. For 
cattle, dairy cows and horses only complementary feed/concentrate was considered, since the 
number of samples of complete feed was not representative. Dog and cat wet food samples were 
excluded since the dry matter content was not reported.  
- As a second criterion, the content of zinc was taken. Descriptive parameters of data distribution 
would be biased by unlikely low zinc concentrations as well as by excessive levels which may be 
driven  by  intentions  other  than  the  production  of  standard  feed  (e.g.  disease  prevention). 
Therefore, zinc concentrations below 30 mg/kg (background level; see Section 3.2) were not 
considered. Maximum cut-off values were built for (i) complete feed with zinc concentrations 
exceeding the requirements
13 by a factor of 4 and (ii) complementary feed with values higher than 
1000 mg Zn/kg (characteristic of mineral feed).  
A remaining total of 9842 samples were submitted to descriptive statistical analysis (see Table D1 in 
Appendix D). The results are summarised in Table 6; for more details see Appendix E. 
                                                       
10   Commission  Implementing  Regulation  (EU)  No  991/2012  of  25  October  2012  concerning  the  authorisation  of  zinc 
chloride hydroxide monohydrate as feed additive for all animal species. OJ L 296, 26.10.2012, p. 18. 
11   Commission Regulation (EU) No 335/2010  of 22 April 2010 concerning the authorisation of zinc chelate of hydroxy 
analogue of methionine as a feed additive for all animal species. OJ L 102, 23.4.2010, p. 22. 
12   Commission Implementing Regulation (EU) No 636/2013 of 1 July 2013 concerning the authorisation of zinc chelate of 
methionine (1:2) as a feed additive for all animal species. OJ L 183, 2.7.2013, p. 3. 
13   For dogs and cats, allowance data were taken since there is not a complete set of requirements data. Maximum contents of zinc in feed 
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Table 6:   Zinc  in  compound  feed.  Descriptive  statistics  of  the  control  data  submitted  by  22 
European countries 
Animal 
Group  Category/Species
1  n 
mg Zinc/kg complete feed
2 
Samples above 
CAMC
3 (%)  Median  90
th 
percentile 
10
th 
percentile 
Poultry  Starter Chicks   75  103.0  139.0  68.0  1.3 
Chickens reared for laying  52  95.3  121.3  74.0  0 
Laying hens   545  89.0  128.0  64.5  1.8 
Chicken for fattening   433  107.0  137.0  77.7  1.6 
Turkeys for fattening   158  106.0  144.0  82.0  3.8 
Pig 
 
Piglets   2098  137.0  178.0  99.0  30.2 
Pigs for fattening   3124  117.0  151.9  76.0  10.6 
Sows   636  129.0  169.0  90.0  20.1 
Bovid 
 
Calves  41  79.0  106.0  68.0  0 
Calves milk replacer  191  86.0  136.0  44.0  0 
Cattle   250  105.0  246.5  44.0  Not Applicable 
Dairy cows   830  113.0  271.5  62.0  Not Applicable 
Sheep   280  97.0  144.0  70.1  6.8 
  Goat  20  81.6  154.5  42.5  10.0 
Horse  Horse   314  132.3  314.0  67.0  Not Applicable 
Rabbit  Rabbit   205  98.4  130.2  73.0  2.4 
Fish  Salmonids  109  131.0  200.0  107.0  9.2 
Dog  Dog   162  157.5  240.0  65.6  7.4 
Cat  Cat   76  154.0  222.0  87.8  1.3 
(1)  The following grouping was applied: 
“Laying hens”: Includes the data labelled as feed for laying hens, layer phase I and layer phase II 
“Chickens for fattening”: Includes the data labelled as feed for chickens for fattening, broiler starter, grower and finisher 
“Turkeys”: Includes the data labelled as feed for turkeys for fattening, starter, grower and finisher  
“Piglets”: Includes the data labelled as feed for piglets weaned, piglets starter I and piglets starter II 
”Pigs for fattening”: Includes the data labelled as feed for pigs for fattening, pig grower and pig finisher 
”Sows”: Includes the data labelled as feed for sows, sows gestating and sows lactating 
“Rabbit”: Includes the data labelled as feed for rabbit, rabbit breeder and rabbit grower/finisher. 
(2)  Except for cattle, dairy cows and horses in which complementary feed and/or concentrate has been used, and therefore 
the calculation of the amount of samples above the CAMC is not applicable. 
(3)  CAMC, Currently Authorised total Maximum Contents of zinc in complete feed.  
The median zinc content in poultry complete feeds is in the range 89 107 mg/kg; only about 4 % of 
the samples showed values above the CAMC (150 mg/kg). The median zinc content in pig complete 
feeds is in the range 117 137 mg/kg; between 10 and 30 % of the samples showed values above the 
CAMC (150 mg/kg). The median of zinc content in feed for calves and milk replacer is in the range 
79 86 mg/kg. 
No data are available on total zinc content in total mixed ration (TMR) for cattle, dairy cows and 
horses. The median of zinc content in complementary feed and/or concentrate for cattle, dairy cows 
and horses is in the range of 105 132 mg/kg. 
The median zinc content in complete feed for rabbits, salmonids, dogs and cats amounted to 98, 131, 
157 and 154 mg/kg, respectively; only between 1.3 and 9.2 % of the samples showed values above the 
CAMC.  Data  from  the  Norwegian  Fish  Feed  Surveillance  Programme  (Appendix  D,  Table  D2) 
identified for the years 2001 2011 mean values between 122 and 224 mg Zn. The range of the mean 
was from 31 to 308 mg without an annual trend. Maximum contents of zinc in feed 
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4.  Bioavailability of dietary zinc  
According to Ammerman et al. (1998), bioavailability is defined as the proportion of an ingested 
nutrient that is absorbed in a form that can be utilised in the metabolism by a normal animal. This 
definition stresses that the mineral must be available not only at the dietary level but also at the tissue 
level.  Bioavailability  is  thus  the result  of successive  phases: accessibility  in the intestinal  lumen, 
absorption  through  the  intestinal  mucosa,  retention  and  incorporation  in  a  functional  form  (e.g. 
cofactor of an enzyme). 
To properly evaluate dietary zinc availability, care should be taken on the level of zinc supply and on 
the criteria to assess the zinc status of the animal. 
A suitable criterion to evaluate the bioavailability of a mineral should be specific and sensitive enough 
to respond rapidly to variations in dietary mineral supply. Owing to the down-regulation of the true 
absorption and of the endogenous secretions of zinc, absolute availability strongly depends on the 
status  of  the animal (e.g. Nockels  et al.,  1993) and,  in  turn,  on the  level  of zinc  dietary  supply. 
Therefore, the bioavailability of a source of zinc is usually assessed relative to a reference, what is 
called “relative bioavailability” (RBV). This method allows the ranking of the sources of zinc. In 
relative  availability  experiments,  criteria  used  should  respond  linearly  to  zinc  ingested;  thus, 
experiments should be designed at suboptimal levels of zinc supply. 
Although  performance  may  be  impaired  in  case  of  zinc  deficiency,  this  criterion  is  usually  not 
considered sensitive enough to assess the availability of minerals. At suboptimal zinc supply, the 
amount of zinc absorbed (true or apparent absorption) and retained responds linearly to zinc supply. In 
contrast, at levels exceeding the requirement, the amount of zinc absorbed is optimised so that the zinc 
absorbed and retained expressed as a percentage of zinc ingested decreases as zinc ingested increases. 
For  example,  apparent  absorption  of  zinc  decreased  from  47  to  22 %  of  zinc  intake  as  zinc 
concentration in a milk replacer for calves was increased from 40 to 1000 mg/kg DM (Jenkins and 
Hidiroglou, 1991). When the dietary zinc content was decreased from 190 to 65 mg/kg, the relative 
body zinc retention was increased from 8 % to 20 % (Mohanna and Nys, 1999a). The concentration of 
zinc,  metalloproteins  or  zinc-dependent  enzymes  in  different  fluids  and  tissues  are  often  used  as 
indicators  of  zinc  status.  The  most  used  criteria  are  bone  zinc  and  plasma  zinc  concentrations. 
Circulating  alkaline  phosphatase  activity  and  serum  5'-nucleotidase  activity  are  also  a  relevant 
criterion in pigs (e.g. Revy et al., 2002) and in broilers (Huang et al., 2007), respectively. Other 
criteria,  such  as  zinc  or  metallothionein  concentrations  in  liver,  kidney  and  intestine,  are  also 
responsive  to  dietary  zinc  supply  but  do  not  reach  a  plateau.  Indeed,  above  the  physiological 
requirements,  accumulation  of  zinc  in  these  tissues  allows  the  regulation  of  zinc  homeostasis  by 
trapping zinc in excess.  
4.1.  Zinc-containing additives 
The most commonly used sources of zinc to supplement diets are the oxide (ZnO) and the feed-grade 
sulphate  heptahydrate  (ZnSO4.7H2O).  Bioavailability  of  these  feed-grade  sources  relative  to  zinc 
sulphate (analytical-grade) is variable. The RBV of feed-grade sulphate was reported to be 94 % based 
on bone zinc concentration in chicks (Sandoval et al., 1997a), and 86 to 100 % based on liver zinc 
concentration in sheep (Sandoval et al., 1997b). The RBV of ZnO was reported to be 22, 44, 61, 74 
and 91 % in chicks based on bone zinc concentration (Wedekind and Baker, 1990; Wedekind et al., 
1992; Sandoval et al., 1997a; Edwards and Baker, 1999), 69 % based on bone zinc concentration in 
piglets (Wedekind et al., 1994), and 87 and 79 % based on liver zinc concentration in sheep (Sandoval 
et al., 1997b). Recent data on chickens for fattening on RBV of zinc oxide compared to zinc sulphate 
show values between 31 and 99 % (Sahraei et al. 2013). According to Edwards and Baker (1999), high 
temperature (1200°C) in the production process of some feed grade sources of zinc oxide (e.g. Waelz 
process) may contribute to the lower bioavailability of these sources. It should be noticed that in most 
of the above mentioned studies, only one level of zinc oxide was tested, so that the estimated RBV 
should be taken with caution. Based on growth performance, tetrabasic zinc chloride is considered to 
be as available as zinc sulphate in chicks (Batal et al., 2001). Maximum contents of zinc in feed 
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Many studies deal with the comparison between organic sources of zinc to a reference, often zinc 
sulphate. As mentioned by Suttle (2010), although studies were published in peer-reviewed journals, 
conclusions on the effectiveness of organic sources of zinc sometimes do not fit with the experiments, 
and one should carefully check the experimental design and the results. In particular, although organic 
and  inorganic  zinc  were not  provided  at  similar  dietary  levels,  many  studies  conclude  that  using 
organic zinc would reduce zinc excretion, unfairly suggesting that organic sources would be more 
available.  Nevertheless, previous literature reviews on zinc availability in poultry, pigs and ruminants 
estimated organic and inorganic zinc sources as equivalent (Ammerman et al., 1998; Jongbloed et al., 
2002). The same conclusion is drawn from a recent meta-analysis conducted by Schlegel et al. (2013) 
for pigs (based on 13 experiments with 54 treatments) and poultry (based on 11 experiments with 72 
treatments). 
4.2.  Interactions of zinc with dietary constituents  
There are considerable interactions in homeostasis as well as functions of essential elements and in 
particular between zinc, calcium, copper and iron. For the definition of optimal amounts of zinc in 
diets, it is therefore necessary to consider the ratios of elements in feeds. Optimal utilisation of iron 
requires copper, as the latter is for example involved in the reoxidation of ferrous to ferric ions. 
Copper and iron affect the absorption (and functions) of zinc, and vice versa. These examples illustrate 
that optimal intake of one metal needs to be discussed in the context of the intake of several other. 
Other dietary components that enhance or inhibit uptake, not only  of zinc but also of these other 
constituents, need to be considered. In particular, the phytate content of the diet is a major modifier of 
zinc absorption. Interactions are considered here at the level of absorption. Much less is known for 
interactions that affect utilisation and retention. 
4.2.1.  Phytates 
Phytates are identified as the major dietary factor limiting zinc availability in non-ruminants, because 
of the formation of insoluble phytate-zinc complexes. Phytic acid (known as inositol hexakisphosphate 
(IP6), or phytate when in salt form) is the hexaphosphoric ester of the hexahydric cyclic alcohol meso-
inositol.  It  is  the  principal  storage  form  of  phosphorus  in  many  plant tissues.  The lower inositol 
phosphate esters, inositol penta-(IP5), tetra-(IP4), and tri-(IP3) phosphate, are also called phytates. 
Sodium phytate strongly reduces zinc availability added as sulphate in semi-synthetic diets given to 
rats (Rimbach et al., 1995; Windisch and Kirchgessener, 1999), pigs (Oberleas et al., 1962), broilers 
(O‟Dell and Savage, 1960) and fish (Satoh et al., 1989). These observations strongly indicate that 
sodium phytates would interact with added zinc and limit its bioavailability to non-ruminants. From 
such studies on the interaction between a source of phytates devoid of zinc (sodium phytates) and zinc 
added as sulphate or as oxide, the molar ratio phytate:zinc was suggested as a good indicator of 
available zinc. However, in practical diets, phytates are not present as sodium phytates. Rather, it is 
believed that most zinc present in feedstuffs containing phytates (cereals and cereal by-products, oil 
seeds and meals) is  bound to phytates,  with around 10 mg of zinc for 1 g of phytic phosphorus 
(Appendix B, Table B2; Revy et al., 2003). Nevertheless, there is also evidence of a negative effect of 
plant phytates on dietary zinc availability. 
Dephytinisation of soybean meal increased bone zinc concentration in pigs (Matsui et al., 1998a). 
Cultivars of barley,  maize and soya were selected for their low phytic phosphorus concentration, 
mainly in order to improve phosphorus availability (e.g. YC Li et al., 2001; Veum et al., 2001, 2002). 
Zinc in low-phytate cultivars of maize, barley and rice was reported to be more available to rats than 
in  conventional  cultivars  (Lönnerdal  et  al.,  2011).  Linares  et  al.  (2007)  showed  that,  at  similar 
concentration (23 24 mg/kg), zinc in low-phytate barley was more available to chickens than zinc in 
conventional barley, with a retention coefficient of zinc which increased from 42 to 63 %. Similarly, in 
rainbow trout, Sugiura et al. (1999) observed improvements in zinc availability from low-phytate dent 
corn compared with a conventional cultivar. Maximum contents of zinc in feed 
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Through a meta-analysis, Schlegel et al. (2013) also investigated the question of whether phytates 
negatively impact the availability of zinc present in plant feedstuffs only or whether they also depress 
the  availability  of  supplemented  zinc.  In  both  broilers  and  pigs,  these  authors  observed  that  the 
increase in bone zinc concentration in response to zinc supplemented as zinc sulphate to basal diets 
containing suboptimal levels of zinc was independent of the phytate or phytase concentrations. They 
concluded that phytates negatively affect the availability of zinc present in plant feedstuffs only and, in 
contrast to sodium phytate, do not interact with supplemented zinc. Conversely, phytase enhances the 
availability of zinc present in plant feedstuffs only.  
There is no evidence that phytates reduce zinc availability to ruminants under practical conditions. 
Indeed, phytates are readily degraded by microbial phytase in the rumen, and availability of zinc in 
forages is believed to be quite high (Suttle, 2010). However, in ruminants fed high-concentrate diets, 
undegraded phytate may pass into the duodenum; these residual phytates may impair zinc availability. 
In sheep consuming high-grain diets, low-phytate barley decreased the amount of undegraded phytate 
passing into the duodenum compared with conventional barley and increased zinc absorption and 
retention. This effect was not seen in lambs (Leytem et al., 2007). 
According to Suttle (2010), horses are sensitive to the interaction between zinc and phytates, whereas 
they would be as efficient as ruminants in extracting zinc from roughages.  
Phytate in vegetable ingredients reduces phosphorus availability in fish (Storebakken et al., 2000) and 
has been shown to reduce the availability of other minerals, including zinc (Gatlin and Phillips, 1989; 
Satoh et al., 1989; Denstadli et al., 2006) and magnesium (Denstadli et al., 2006). Catfish fed a diet 
containing 2.2 % phytic acid had significantly reduced feed efficiency and weight gain compared with 
fish fed a diet containing 1.1 % phytic acid. In fish fed diets containing 50 mg Zn/kg feed, the zinc 
concentration in vertebrae was significantly reduced from 133 mg/kg in control fish compared with 59 
mg/kg in fish fed 2.2 % phytic acid (Helland et al., 2006). 
4.2.2.  Iron  
Dietary  zinc  levels  and  organismal  zinc  status  influence  iron  absorption.  At  the  brush  border 
membrane of the intestine, zinc inhibits divalent metal transporter-1 (DMT1), which is the principal 
uptake pathway for non-haem iron (Gunshin et al., 1997). However, at least in a cell model (Caco-2), 
this  inhibition  leads to  a compensatory  up-regulation  of  DMT1  expression  (Yamaji  et  al.,  2001). 
Additional free iron can be absorbed across zinc channels (SLC39), but again in competition with zinc 
(Jeong and Eide, 2013). At the systemic level, iron uptake is limited by hepcidin, a peptide synthesised 
and secreted by the liver in response to high iron levels (Fleming and Sly, 2001). Hepcidin decreases 
movement  of  iron  across  the  enterocytes  by  causing  ubiquitination  and  subsequent  proteasomal 
degradation both of DMT1 (Brasse-Lagnel et al., 2011) and of ferroportin, which is the basolaterally 
located iron exporter that transports iron from the enterocyte to the circulation (Donovan et al., 2000). 
Therefore, a high dietary zinc intake is expected to reduce iron uptake, and low zinc to increase iron 
absorption.  This  interaction  between  zinc  and  iron  has  been  confirmed  in  vivo  for  rainbow  trout 
(Wekell et al., 1986), zebrafish (Zheng et al., 2013), rats (Kelleher and Lönnerdal, 2006), sheep (Grün 
et al., 1978) and humans (Olivares et al., 2012). 
4.2.3.  Copper  
Copper inhibits zinc uptake in the intestine and zinc also inhibits absorption of copper (Hall et al., 
1979; Hogstrand, 2011). This effect can be explained molecularly by strong interactions on expression 
and functions of metal-regulatory proteins. For example, copper is a potent inhibitor of zinc influx 
through SLC39 (Zrt-, Irt-like Protein, ZIP) zinc channels (Gaither and Eide, 2000; Qiu and Hogstrand, 
2005). Also, an increase in cellular copper causes activation of the zinc-sensing transcription factor, 
MTF1, resulting in down-regulation of zinc importers, such as SLC39A10 (Zheng et al., 2008; Lichten 
et al., 2011), up-regulation of the zinc exporter SLC30A1 (Langmade et al., 2000) and up-regulation 
of the zinc-buffering protein, metallothionein (Westin and Schaffner, 1988). Maximum contents of zinc in feed 
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Copper was found to be an inhibitor of zinc absorption in the rat (van Campen, 1969). In rats fed a 
semi-purified diet with a relatively low zinc content of 12 mg/kg and copper concentrations of 3, 24, 
120 or 300 mg/kg, intestinal absorption of 
65Zn was decreased by 20 % when dietary copper was raised 
from 3 to 24 mg/kg with no further effect at higher concentrations (Hall et al., 1979). The interaction 
between copper and zinc was known at a practical level for pigs much earlier than this. Feeding diets 
with a high level of copper (250 mg Cu/kg diet) for growth stimulation (O‟Hara et al., 1960; Suttle and 
Mills,  1966)  results  in  parakeratosis  and  even  mortality.  Zinc  supplementation  was  known  to 
counteract parakeratosis in swine (Tucker and Salmon, 1955) and increasing zinc in the diet to 60 
mg/kg together with iron solved the adverse effects caused by the 250 mg Cu/kg diet (O‟Hara et al., 
1960). The interaction between zinc and copper can also be seen if high dietary zinc concentrations are 
applied.  Feeding  sows  with  a  diet  containing  5000  mg  Zn/kg  resulted  in  the  production  of  Cu-
defficient  piglets  which  could  be  cured  by  providing  supplemental  copper  (Hill  et  al.,  1983).  In 
summary, high zinc levels in the diet can cause copper deficiency, and high copper levels can cause 
zinc deficiency. 
4.2.4.  Calcium 
It is well established that zinc can and does permeate a variety of calcium channels, including voltage-
gated  calcium  channels,  transient  receptor  potential  (TRP)  channels  and  glutaminergic  receptors 
(Bouron and Oberwinkler, 2013). In terms of calcium uptake, TRPV6 is the most relevant as it is 
responsible  for  intestinal  calcium  absorption  in  mammals  (Hoenderop  and  Bindels,  2008)  and 
branchial  calcium  absorption  in  fish  (Qui  and  Hogstrand,  2004).  TRPV6  from  pufferfish  was 
originally found to be highly permeable to Zn
2+, and this finding was recently confirmed to apply to 
mammalian TRPV5 and -6 orthologs (Qiu and Hogstrand, 2004; Kovacs et al., 2013). In fish, TRPV6 
is expressed at the apical surface of gill cells and competition between zinc and calcium for this 
channel  is  the  principal  determinant  of  water  chemistry  modulation  of  zinc  uptake  and  toxicity 
(Hogstrand, 2011). Furthermore, expression of TRPV6 in vertebrates is up-regulated by vitamin D3 
and  intraperitoneal  administration  of  1α,25-(OH)2-cholecalciferol  (10  µg/kg)  to  rainbow  trout 
increased zinc uptake and TRPV6 mRNA in gill tissue (Qiu et al., 2007). Supplementation of vitamin 
D increases dietary zinc uptake in chicken further supporting this overlap between calcium and zinc 
homeostasis (Roberson and Edwards, 1994; Biehl et al., 1995). 
In addition to the competition between calcium and zinc for cellular access through calcium channels, 
there are some more complex interactions. For example, zinc appears to be a physiological regulator 
of the activity of the plasma membrane Ca
2+-ATPase (PMCA; Hogstrand et al., 1999) and the zinc 
exporter SLC30A1 is a regulator of plasma membrane residence of both L-type and T-type calcium 
channels (Levy et al., 2009; Mor et al., 2012). Thus, there are without doubt extensive interactions 
between calcium and zinc in biology including ion transport as well as cell signalling processes. 
Whether or not these interactions translate into a practically important influence of calcium on dietary 
zinc absorption is in many cases more debatable.  
In  1955,  nutritional  zinc  deficiency  was  induced  in  swine  by  a  diet  low  in  zinc;  the  resulting 
parakeratosis and poor growth were cured by supplementing the diet with zinc (Tucker and Salmon, 
1955). High calcium and phytate content exacerbates parakeratosis (Lewis et al., 1956), suggesting 
that zinc uptake in pigs is inhibited by a high calcium:zinc ratio. Poultry is commonly considered less 
vulnerable to high calcium (Underwood, 1977; Suttle, 2010). 
Findings regarding the consequences of increasing dietary calcium on the zinc availability in lambs are 
controversial. At low calcium levels, an influence of calcium on zinc availability was not found (5 to 8 
g Ca/kg; Pond, 1983), while at even lower calcium levels serum zinc concentration was depressed 
with increasing calcium (2.5 to 5 g Ca/kg; Perry et al., 1968). 
A significant body of literature exists on the bioavailability of zinc in fish feed; deficiency symptoms 
appear  at  either  low  dietary  zinc  levels  or  in  cases  of  strong  antagonistic  effect  of  calcium  and 
phosphorus on zinc absorption (Watanabe et al., 1997). Growth retardation and short body dwarfism, Maximum contents of zinc in feed 
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as well as cataracts are among the classical deficiency signs in rainbow trout, which can be induced by 
(i) omitting zinc supplementation of fish meal diets (Satoh et al., 1987a), (ii) using less available 
chemical zinc salts (Satoh et al., 1987c) or (iii) supplementing tri-calcium phosphate (Satoh et al., 
1987b). 
The addition of calcium to diets containing sodium phytate has been reported in rats and catfish to 
aggravate the antagonistic effect of phytates on zinc availability, whereas it does not influence zinc 
availability in the absence of sodium phytates (Oberleas et al., 1966; Satoh et al., 1989). Thus, the 
negative effect of calcium on zinc availability in phytate-containing diets is believed to be mediated by 
the formation of insoluble Ca-phytate-Zn complexes. 
However, in practical diets, an effective role of calcium on phytates solubility is  questionable. In 
humans given typical diets, excluding semi-synthetic diets, Miller et al. (2007) indicated that calcium 
probably does not affect zinc absorption. In pigs, Matsui et al. (1998b) observed that phytates in 
soybean flour do not interact with calcium added as carbonate. Through meta-analyses, Letourneau-
Montminy et al. (2010, 2012) assessed the interaction of calcium with phytates and phytases in pigs 
and broiler diets. They concluded that calcium added to pigs or broilers diets up to 10 g/kg diet does 
not  cause  the  insolubilisation  of  phytates,  since  calcium  equally  depresses  the  availability  of 
phosphorus in diets with or without phytase. Rather, the negative effect of calcium on phosphorus 
availability is probably due to the formation of insoluble calcium-phosphate precipitates in the small 
intestine (Létourneau-Montminy et al., 2011). Consequently, in practical diets, the negative impact of 
calcium on zinc availability through the formation of these Ca-phytate-Zn complexes is probably 
limited. 
Larsen and Sandström (1993) did not observe any modulation of zinc absorption in pigs given cereals-
soybean meal diets containing 3 to 11 g Ca/kg. Similarly, bone zinc concentration of chickens was not 
modified when calcium was increased from 6 to 9 g/kg diet (Rama Rao et al., 2006). The negative 
effect of calcium on zinc availability was observed at calcium concentrations far above the usual 
levels of supplementation. Shafey et al. (1991) reported that 15 to 23 g Ca/kg diet increased pH in 
gizzard and in small intestine and reduced zinc solubility in the intestine in broilers. Similarly, in pigs 
given maize-soybean meal diets, increasing calcium concentration from 5 to 15 g/kg reduced liver zinc 
and serum alkaline phosphatase activity (Morgan et al., 1969). Thus, the interactions between calcium 
and zinc in the intestine are complex and far from well understood. It appears that very high levels of 
dietary calcium are required to impair zinc absorption; however, under most practical conditions it is 
unlikely that calcium in the diet substantially alters zinc uptake. 
4.2.5.  Role of fiber/non-starch polysaccharides 
Fibers  may  impair  zinc  availability  through  the  formation  of  insoluble  chelates.  They  may  also 
increase zinc endogenous losses by increasing cell sloughing in the intestine. However, the effect of 
fibers on zinc availability is sometimes difficult to investigate because some fibrous feedstuffs are also 
rich in phytates (e.g. cereals bran). In chicks, the incorporation of 8 % alfalfa cell walls in the diet 
depressed bone zinc and plasma zinc concentrations by 12 % (van der Aar et al., 1983); such an effect 
was not observed with pectin and cellulose. According to Mohanna et al. (1999), zinc availability in 
chicks may be depressed when intestinal viscosity is increased because of  the presence of water-
soluble non-starch polysaccharides (NSPs) in the diet. However, the introduction of 0.75 % gum guar 
reduced  zinc  availability  by  less  than  4 %.  Nevertheless,  the  authors  concluded  that  the  dietary 
addition of NSP-degrading enzymes may improve nutrient availability for broilers fed diets rich in 
NSPs, accompanied by an increase in zinc bioavailability (Mohanna et al., 1999). In pigs, there is no 
evidence of a significant effect of fibres (non soluble or water soluble) on zinc availability. In this 
context, it should be noted that the viscosity of digesta in poultry is about 10 times higher than in pigs 
(Bedford and Schultze, 1998). Spears (2003) indicated that the impact of fibres, to which most zinc in 
roughages is associated, on zinc availability is not well characterised.  Maximum contents of zinc in feed 
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4.3.  Methods to improve the availability of zinc from feed materials 
Ways to improve zinc bioavailability in broilers and piglets need to be focused on native zinc. Dietary 
interventions involve feed supplementation with microbial phytases (mainly 3-phytase, E.C. 3.1.3.8; 
optimal pH range 3 8; Nayini and Markakis, 1986; Eeckhout and Paepe, 1994), and the activation of 
endogenous phytases by germination/fermention of plant materials (Urbano et al., 2000; Masud et al., 
2007).  Another  possibility  consists  in  the  use  of  organic  acids  to  lower  the  pH  of  the  digesta 
(Jongbloed et al., 2000). The use of feed materials low in phytic P, obtained either by classic or by 
modern plant breeding/selection techniques, should be mentioned as a further possibility. 
4.3.1.  Use of exogenous microbial phytase 
Most studies dealing with the effect of microbial phytase on zinc availability were conducted with 3-
phytase from Aspergillus niger. Microbial phytase may hydrolyse up to 35 and 50 % of the phytates in 
poultry and pig diets, respectively (Selle and Ravindran, 2007), liberating zinc from phytate. There is 
evidence of improved zinc availability by the use of microbial phytase in broilers (e.g. Thiel et al., 
1993; Biehl et al., 1995; Yi et al., 1996; Mohanna and Nys, 1999b; Jondreville et al., 2007), in pigs 
(Pallauf et al., 1992, 1994; Lei et al., 1993; Adeola et al., 1995; Revy et al., 2004, 2006; Jondreville et 
al., 2005; Bikker et al., 2012a, b; Blank et al., 2012) and in fish (Cheng and Hardy, 2003; Laining et 
al., 2012). These experiments indicate that improvements in zinc availability are far lower in broilers 
than in pigs, with an equivalency of 5 mg zinc in broilers and 27 30 mg zinc from sulphate in piglets 
at 500 FTU as 3-phytase from Aspergillus niger (Jondreville et al., 2005, 2007; Revy et al., 2006). The 
low figure for chickens is confirmed by another recent meta-analysis conducted by Schlegel et al. 
(2013). In a meta-analysis based on 22 experiments with piglets and growing pigs, Jongbloed and 
Thissen (2010) reported that the equivalency values based on digested zinc at 500 and 1250 FTU/kg 
diet ranged from 9 to 25 mg Zn/kg and from 12 to 32 mg Zn/kg as zinc sulphate, respectively.  
Schlegel et al. (2010, 2013) investigated the origin of the difference between pigs and broilers. Based 
on  the  amount  of  soluble  zinc in the  stomach/gizzard  of animals  given  diets  containing  different 
amounts of phytic phosphorus with and without phytase, the authors concluded that, owing to the low 
pH, zinc dissociates from phytates in gizzard of broiler chickens, even if phytates are not hydrolysed. 
In  contrast, the  higher  pH  in  pig  stomach  does  not  allow  this  dissociation  and  phytates  must  be 
hydrolysed before zinc can be released from phytates. As a consequence, zinc in plant feedstuffs 
would be naturally more available in broiler chickens than in pigs, even in the absence of phytase. 
This is in agreement with the low zinc requirements and with the low effect of phytase on zinc 
availability in chickens compared with pigs.  
In summary, the effect of microbial phytase on zinc availability in broiler chicks, and probably in all 
poultry species, is not great enough to contribute to a proposal for reduced maximum contents of zinc 
in poultry feed. In contrast, in piglets, the effect of phytase is significant enough to support further 
reductions  in  the  maximum  zinc  content.  Most  studies  were  conducted  with  piglets.  Quantitative 
relations between phytase and available phytate zinc are not known for pigs for fattening and sows; 
however, the mode of action of phytase is the same as in piglets.  
In fish, phytase activity is highly dependent on the pH of the gut. Unlike mammals, fish are either 
gastric  or  agastric,  and  hence,  the  action  of  dietary  phytase  varies  from  species  to  species.  In 
comparison with poultry and swine production, the use of phytase in fish feed is still in an unproven 
stage (Kumar et al., 2012). 
4.3.2.  Activation of endogenous plant phytase by soaking/fermentation 
It has been shown that soaking/fermentation of feed or feed ingredients, or the use of fermented liquid 
feeding  (FLF),  can  initiate  mobilisation  of  phosphorus  from  phytate  by  activation  of 
endogenous/intrinsic  grain  phytase (Ilyas  et  al.,  1995;  Skoglund  et  al.,  1997; Larsen  et  al.,  1999; 
Carlson and Poulsen, 2003; Blaabjerg et al., 2010; Rojas and Stein, 2012). However, endogenous 
phytase activity (mainly 6-phytase, E.C. 3.1.3.26, optimal pH range 5 8; Appendix B, Table B1) as Maximum contents of zinc in feed 
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found in some feed materials (> 2500 FTU/kg in wheat, rye and cereal brans, 500 2500 FTU/kg in 
barley and triticale, 50 500 FTU/kg in maize, oats, sorghum, malt spouts and legumes, < 50 FTU/kg 
in cereal glutenfeeds and oilseed meals), is more susceptible to low pH and pepsin in the stomach and 
is  rather  heat  labile,  resulting  in  a  reduced  or  even  eliminated  activity  in  heat-processed  feeds 
(Pointillart,  1988;  Jongbloed  and  Kemme,  1990).  Therefore,  only  processes  suvh  as  germination, 
soaking and FLF can fully exploit the potential of endogenous phytase activity.  
4.3.3.  Use of organic acids  
The pH of digesta, especially in the proximal part of the digestive tract (stomach, gizzard), influences 
zinc solubility and, in turn, zinc availability. Thus, any method reducing the pH in the stomach may 
improve zinc availability in non-ruminant animals. In particular, the question arises whether organic 
acids would enhance the positive effect of phytase on zinc availability as they do for phosphorus in 
pigs (Kemme et al., 1999; Blank et al., 2012). However, published information on the effects of 
organic acids introduced in  pig  or chicken  diets,  with  or  without  phytase,  is inconclusive.  Either 
organic acids do not improve (Brenes et al., 2003; Bikker et al., 2011; Blank et al., 2012; Swiatkiewicz 
and Arczewska-Wlosek, 2012) or improve only slightly (Höhler and Pallauf, 1993, 1994; Roth et al., 
1998) zinc availability. 
5.  Newly proposed maximum total zinc contents in complete feed  
The  details  of  nutrient  requirement  data  for  the  different  target  animals  are  usually  taken  into 
consideration  when  formulating  a  complete  feed.  Feed  business  operators  base  calculations  for 
nutrients  in  diets  on  averages/medians  intended  primarily  not  to  fall  below  the  animal‟s 
requirements , and consider the maximum contents set by legislation. Maximum contents in feed are 
set for trace elements for different reasons, which include safety for the consumer, the target species 
and the environment. The request of the European Commission is mainly driven by environmental 
concerns and covers the appropriateness of the CMPC when compared with the requirements. 
The proposal for a potential reduction of the CMPC has to consider the different aspects discussed in 
this document. The NPMC shall be high enough to ensure health, welfare and performance of healthy 
target  animals.  The  NPMC  must  therefore  be  above  requirements  considering  age,  genetics  and 
physiological state (growth, pregnancy, lactation, work).  
The requirement (the individual demand under defined conditions (see Section 2.1); requirements for 
the target animals are described in Sections 2.1.1 to 2.1.7 and summarised in Table 7) is a mean. Thus, 
it would cover the demand of half the healthy individuals in a particular life stage and gender group. 
At this level of intake, the needs of other half of the individuals in any specified group would not be 
met. Therefore, the requirement alone does not suffice for use as the NPMC.  
a)  The  principle  of  allowances  in  animal  nutrition  is  equivalent  to  derivation  of  a  Population 
Reference Intake (PRI)/Recommended Dietary Allowances (RDA) in humans. A PRI/RDA is 
the average daily dietary intake level that is sufficient to meet the nutrient requirement of nearly 
all (97.5 %) healthy individuals at a particular life stage and gender group (EFSA NDA Panel, 
2010). Therefore, this approach can also be used to derive the NPMC. 
  If the distribution of requirements in the group is assumed to be normal, then the PRI/RDA 
can be calculated from the requirement and the standard deviation (SD) of requirements as 
follows:  PRI/RDA=  Requirement  +  2 SD  (EFSA  NDA  Panel,  2010;  Health  Canada
14). 
However it is not possible to calculate an inter-individual variation in zinc requirement for 
all animal species and therefore variability has to be estimated. 
  If data about variability in requirements are insufficient to calculate a SD, a coefficient of 
variation (CV) for the requirements of 10 to 20 % can be assumed (EFSA NDA Panel, 2010). 
If 10 % is assumed to be the CV, then twice that amount when added to the requirements is 
defined  as  equal  to  the  PRI/RDA.  The  resulting  equation  for  the  PRI/RDA  is  then 
                                                       
14   Health  Canada,  Official  webpage.  Food  and  Nutrition.  Dietary  Reference  Intakes.  http://www.hc-sc.gc.ca/fn-
an/nutrition/reference/table/index-eng.php Maximum contents of zinc in feed 
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Allowance= 1.2   requirement. This level of intake, statistically, covers the requirements of 
97.5 % of the population. 
  It is concluded that the zinc allowance is calculated from 1.2 times the requirement. 
b)  Allowances also have to take into consideration variation in the availability of zinc sources used 
for feed supplementation (see Section 4.1. Zinc-containing additives). Zinc oxide is one of the 
most commonly used forms of zinc supplementation in animal feed. Relative to zinc sulphate, 
availability of zinc oxide ranges from 22 to 99 %, with a CV of 35 %. 
  It is concluded that zinc allowance in animal feed needs to include an additional 35 % of the 
requirement to account for differences in bioavailability, arriving at a final factor of 1.5 (1.2 
+ 0.35  1.5). 
c)  The  NPMC  should  also  consider  the  interactions  of  zinc  with  other  nutrients,  minerals  or 
additives, if these have not already been taken into account when establishing requirements.  
Because  zinc  in  feed  materials  interacts  with  other  nutrients and  minerals, it  is  difficult  to 
estimate bioavailabilty of zinc in the basal diet. Therefore, in practical feed formulations, it is 
assumed that zinc in the background feed is not available.  
  It is concluded that the NPMC should allow for an additional zinc content in the magnitude 
of the zinc background. The background levels are derived from Section 3.2 (and the tables 
in Appendix C). 
d)  The NPMC should be feasible under the practical conditions of the feed manufacturing industry. 
  This is considered by rounding the mathematically-derived NPMC to practical figures and 
thus, establishing three groups of NPMC.  
e)  The NPMC could also take into account intentionally improved zinc availability, e.g. by the 
action of phytases.  
  This  is  considered  by  the  introduction  of  lower  NPMCs  in  case  zinc  availability  is 
intentionally improved as a result of phytase addition or activation. 
The NPMCs are summarised in Table 7; only the animal categories listed in this table, for which 
requirement data are reported in Section 2.1, could be considered. Maximum contents of zinc in feed 
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Table 7:   The newly proposed maximum  zinc contents in complete feed for target animals. All 
figures are expressed in mg Zn/kg complete feed 
Target species, animal category  R
1  1.5 × R  Background  NPMC
2 
Chickens for fattening, reared for laying  40-50  60-75  30  100 
Laying hens, breeder hens  45  67.5  30  100 
Turkeys for fattening, 0-8 weeks of age  70  105  30  120 
Turkeys for fattening, from 8 weeks of age onwards  50  75  30  120 
Other poultry  40, 60, 60  80  30  100 
Piglet, until 11 kg body weight  100  150  30  150 
Piglet weaned, from 11 kg body weight onwards  80  120  30  150 
Pigs for fattening  60  90  30  100 
Sow  50-100  75-150  30  150 
Calves – milk replacer  40  60  30  100 
Cattle for fattening  35*  53  30  100 
Dairy cows, dairy heifer  44*  66  30  100 
Sheep   40*  60  30  100 
Goat (dairy)  31*  47  30  100 
Horses  44*  66  30  100 
Rabbits  70  105  50  150 
Salmonids  50  75  60  150 
Other fish  20  30  60  100 
Dogs    100**  70  150 
Cats    75**  70  150 
(1) R, requirement. 
(2) NPMC, Newly Proposed total Maximum Contents of zinc in complete feed. 
*  Adjusted from dry matter to complete feed with 88 % dry matter. 
**  Allowance, taken as 1.5 times the requirement (see Table 5). 
A substantial increase in zinc availability as a result of phytase action (either from supplemented or 
from endogenous and activated phytase) has been observed in pigs fed vegetable-based diets (see 
Section 4.3). If these options are considered in feed formulation/preparation (phytase activity of 500 
FTU/kg feed), the NPMC could be further reduced, e.g. for pigs for fattening from 100 to 70 mg Zn 
and for piglets and sows from 150 to 110 mg Zn/kg complete feed. 
6.  Impact of the newly proposed reduced maximum zinc content in feed  
Appendix E shows in graphs and tables the statistical analysis of the data collected by official feed 
controls in 22 European countries, in terms of zinc concentration in compound feed (on an as is basis). 
Chicken feed (Tables E1, E2 and E4) was in about 50 % of samples above the NPMC; for layers 
(Table E3) and turkeys for fattening (Table E5), it was about 30 %. The percentage of piglets (Table 
E6) and pigs for fattening (Table E7) feeds with concentrations above the NPMC is considerably 
higher (70 %). These figures for the commercially most relevant complete feed in food production 
indicate a high potential for zinc reduction in animal feed.  
This potential reduction will be higher in pigs when phytases would be used; about 80 90 % of all 
feed samples showed zinc concentrations above the further reduced NPMC. All other complete feeds 
considered indicate a potential for reduction in zinc levels of a comparable magnitude to that described 
for chickens. Finally, it should be noted that the zinc concentration in about half of all pet food was 
about the NPMC. 
Independent of the potential effect of NPMC on environmentally relevant zinc emissions, the NPMC 
would  reduce  the  quantities  of  limited  zinc-containing  resources  used  in  animal  nutrition.  This 
includes both food-producing and pet animals. Maximum contents of zinc in feed 
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6.1.  Health and welfare of the target animals  
The introduction of the NPMC in the practice of the feed formulation will reduce the absolute zinc 
supply to animals (see above). The NPMC are markedly above the requirements and mostly in the 
range of industrial recommendations for the zinc content in complete feed. Consequently, no negative 
impact on health, welfare and productivity of target animals is expected. 
Interactions with minerals, other trace elements and certain dietary constituents deserve increased 
attention when the use levels of dietary zinc are reduced. However, feed business operators have full 
access to the relevant databases which are used to calculate feed formulations on the basis of the most 
updated information. 
6.2.  Safety for the consumer  
Dietary Reference Values (DRVs) have been established for zinc by various bodies, with the range 
7 11 mg/day for adult males and 6 9 mg/day for adult females (UK Department of Health (DH, 
1991); Netherlands Food and Nutrition Council, (1992); EC (1993); IOM (2001); D-A-CH (2013); 
Nordic Nutrition Recommendations (Nordic Council of Ministers, 2013)). 
The Scientific Committee on Food (SCF) described the mean zinc intake of the European population 
as between 7.5 and 12 mg Zn/day, based on nutritional surveys (EC, 2003b). The 97.5
th percentile in 
some countries (i.e. Austria and Ireland) was estimated to be higher than 20 mg and close to the 
tolerable upper intake level (UL), but this was not considered a matter of concern by the SCF. The 
SCF  data,  although  collected  in  the  1990s,  appear  to  describe  a  currently  valid  scenario  when 
compared with more recent data (Flynn et al., 2009; Rubio et al., 2009; Turconi et al., 2009). 
A  consumption  survey  conducted  in  Germany  in  2008  (Bundesministerium  für  Ernährung, 
Landwirstchaft und Verbraucherschutz, 2008) found that the median daily zinc intake among adult 
Germans was 11.6 and 9.1 mg in men and women, respectively. The corresponding 95
th percentiles 
were 20.2 and 15.1 mg. The data for intake in children indicated that the median zinc daily intake of 
boys aged 6 11 years was 7.4 8.7 mg and that for girls of the same age group  was 7.1 8.3 mg 
(Mensink  et  al.,  2007;  Ernährungsstudie  als  KiGGS:  Der  Kinder-  und  Jugendgesundheitssurvey-
Modul (EsKiMo)). The upper 95
th percentiles were 13.2 and 12.6 mg for boys and girls, respectively; 
the FEEDAP Panel notes that the figure for boys equals the UL set for 7- to 10-year-old children by 
the SCF (13 mg per person and day; EC, 2003b). 
In all consumer groups, tissues and products of animal origin contributed to about 40–50 % of total 
zinc intake, with meat and milk being the two main items (Walsh et al., 1994; Mensink et al., 2007; 
Bundesministerium für Ernährung, Landwirtschaft und Verbraucherschutz, 2008). On average, among 
all consumer groups, the contribution of milk and meat to the total zinc intake is nearly the same. The 
practice of supplementing animal feed with zinc-containing compounds has not essentially changed 
during the last decade. It is therefore reasonable to assume that food of animal origin recorded in the 
above-mentioned  consumption  surveys  derived from  animals  fed  zinc-supplemented  diets.  Zinc is 
regulated  at  the  intestinal  level  in  the  target  animals.  With  the  exceptions  of  liver  and  kidney 
(Eisemann et al., 1979; Jenkins and Hidiroglou, 1991; Cao et al., 2000; Gallaher et al., 2000; Wright 
and  Spears,  2004;  see  also  review  of  Schlegel  et  al.,  2013),  zinc  concentrations  exceeding  the 
requirements up to about 200 mg/kg feed will not result in a change of zinc concentrations in animal 
tissues (Jenkins and Hidiroglou, 1991), and other products including milk (Schwarz and Kirchgessner, 
1975;  Miller  et  al.,  1989;  Wiking  et  al.,  2008;  Peters  and  Mahan,  2008;  Peters  et  al.,  2010). 
Consequently, a reduction in dietary zinc in the range between requirements and 150 mg/kg feed will 
affect zinc concentration only in liver and kidney. 
The estimated consequences of reducing dietary zinc in feed of animals on human intake can therefore 
be based on the zinc content of liver only. The differences in the zinc content of liver expected at 
dietary  levels  of  the  current  maximum  content  and  the  NPMC  are  calculated  following  a  linear 
regression equation, describing the relationship between dietary zinc and zinc deposition in pig liver Maximum contents of zinc in feed 
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(Schlegel et al., 2013). Taking 60 g liver/person per day as the 95
th percentile of the intake by a liver 
consumer (see Guidance on consumer safety; EFSA FEEDAP Panel, 2012e), 3 mg zinc would be 
consumed from liver obtained by feeding 150 mg zinc/kg diet (CAMC) and 2.4 mg zinc when feeding 
diets with 100 mg zinc (NPMC). The difference amounts to 0.6 mg/person per day. The average daily 
intake of adult consumers was 11.6 mg Zn for males and 9.1 mg for females (Bundesministerium für 
Ernährung, Landwirtschaft und Verbraucherschutz, 2008). Reducing the values by 0.6 mg, the zinc 
intake would still be above the Population Reference Intake (as DRV, see above). There would be no 
influence on toddlers since there is no relevant liver consumption. This scenario contains several 
conservative  elements:  (i)  high  liver  intake,  (ii)  maximum  contents  are  taken  to  calculate  the 
difference in zinc liver instead of average values, and (iii) maximum contents are assumed to persist 
over the period of feeding to be applied for consumer risk assessment.  
6.2.1.  Conclusions on safety for the consumer 
The FEEDAP Panel concludes that the reduction of the CAMC for zinc for food-producing animals to 
the NPMC values has marginal consequences on the zinc intake and is of no concern for the safety of 
the consumer. 
6.3.  Benefits  of  the  proposed  reduction  of  maximum  contents  of  zinc  in  feed  to  the 
environment  
The FEEDAP Panel found no consolidated inventory of zinc environmental emission sources in the 
EU. The EU Risk Assessment Report on zinc (EU RAR Zinc metal, 2010), gives the zinc inputs from 
animal nutrition in the environmental system (14 MSs) with 14599 tonnes/year. In agricultural areas, 
spreading of manure on land appears to be a major source of zinc emission; according to the RAR, 
zinc emissions average 106 kg Zn per hectare utilised agricultural area, with a range from 36 kg 
(Austria)  to  658  kg/ha  (The  Netherlands).  Agricultural  activities  cause  more  than  80 %  of  the 
emissions to soil in The Netherlands (Bodar et al., 2005). In England and Wales, livestock manure is 
responsible for an estimated 37 % of all zinc input across the whole agricultural land area (Nicholson 
et al., 2003). Bodar et al. (2005) additionally refer to data showing that in The Netherlands agricultural 
emissions to soil significantly contribute to zinc emissions to surface water. 
The percentages of feed samples that presently have zinc contents higher than the NPMC range from 
about 15 (calves) to 70 % (pigs for fattening, Appendix E). Thus, reducing the CAMC to the NPMC 
would have an impact on the future dietary zinc concentration. 
An estimate was made of the reduction in zinc input to the EU environment following the potential 
implementation of the NPMC for the highest production volume farm animals, namely poultry, pigs 
and  bovines.  The  zinc  input  into  animal  production  was  calculated  by  using  compound  feed 
production  data  (FEFAC  report,  2011
15) and the mean zinc concentration of feed samples.  The 
expected mean of the use levels after introduction of NPMC was calculated  by ommiting all samples 
with values above the NPMC. It was further assumed that the zinc content in animal tissues and 
products was not substantially  affected by the NPMC (see also S ection 6.2). In consequence, the 
absolute reduction in the zinc input is equal to the quantity of the zinc output via manure. 
The calculation had to be restricted to poultry and pigs only since the  monitoring data collected on 
zinc levels in compound feed for dairy cows and cattle referred predominantly to complementary feed. 
The NPMC refer to complete feed and do not allow calculations with complementary feed. 
It was calculated that the amount of zinc entering the EU environment per year via farm animal 
manure from pigs and poultry  would be reduced by about 2300 tonnes (see Appendix F). Reducing 
zinc in feed for pigs for fattening would have the greatest impact, resulting in a 31 % reduction in zinc 
                                                       
15 FEFAC statistics on Compound Feed Production in the EU: http://www.fefac.eu/publications.aspx?CategoryID=2061 Maximum contents of zinc in feed 
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emission from this animal category.
16 It deserves particular  attention that the use of phytase, either 
from endogenous source or from a feed additive,  in feeding pigs for fattening, which would allow a 
reduction of the NPMC from 100 to 70 mg, would result in a 53 % reduction in zinc emissions.
17 
Because of the assumptions made, these calculations might be considered a best-case scenario. On the 
other hand, reductions in zinc input to the environment would result also from the animal categories 
not included in the above estimate. Compound feed production from cattle and dairy cows amounted 
to about 25 % of total compound feed production. Assuming that the complementary feed would how 
a comparable reduction of zinc concentrations as introduced by the NPMC for complete feed, another 
750 tonnes of zinc ((2300×25)/(100 25)) would not be used for feed supplementation. Comparing the 
total reduced zinc output of about 3000 tonnes with the total output of 14599 tonnes/year (EU RAR 
Zinc metal, 2010), a reduction of zinc emissions from animal production of about 20 % could be 
expected. 
7.  Conclusions  
A  critical  review  of  (i)  the  zinc  requirements  of  food-producing  and  pet  animals,  (ii)  the  zinc 
concentration of feed materials and (iii) the calculated background zinc concentration of complete feed 
supports the possibility of a considerable reduction of the currently authorised maximum contents for 
total zinc in feed.  
The FEEDAP Panel developed, based on an approximation using zinc requirements and background 
data, potential new maximum contents, which could replace the current ones. The newly proposed 
total maximum contents of total zinc in complete feed (NPMC) are: 
  150 mg Zn/kg complete feed for piglets, sows, rabbits, salmonids, cats and dogs 
  120 mg Zn/kg complete feed for turkeys for fattening 
  100 mg Zn/kg complete feed for all other species and categories  
The use of phytase, either from endogenous source or from a feed additive, in feeding piglets, pigs for 
fattening and sows would allow a further reduction of the NPMC by 30 % (from 150 to 110 mg Zn/kg 
feed for piglets and sows and from 100 to 70 mg Zn/kg feed for pigs for fattening).  
The NPMC ensure health, welfare and productivity of the target species, and do not affect consumer 
safety.  
The FEEDAP Panel expects that the introduction of the NPMC, provided they are applied in feeding 
practices, would result in an overall reduction of zinc emissions from animal production  of about 
20 %.  
8.  Remark  
Interactions with minerals, other trace elements and certain dietary constituents deserve increased 
attention when formulating feed with reduced zinc content. 
                                                       
16 It should be noted that the total zinc emissions of a pig during the production life time (6 to 110 kg bw) would decrease by 
15 % if the piglet is not administered 2500 mg Zn/kg feed for the first two weeks post-weaning (AMCRA, 2012).  
17   These figures do not consider that probably more  than 1000 tonnes of zinc/year are used for medical purpose in piglets 
production. For calculations: pig production in Europe (EURO -25 in 2008) was 248 millions heads; 30 % of which is 
produced in the basin between Denmark and Belgium. These piglets are assumed to be extensively fed and therefore feed 
with 2.5 g Zn/kg is used in the first 14 days after weaning. Daily feed consumption is given as 0.4 kg in the first week and 
0.5 kg in the second week: zinc consumed amounts to 1312 tonnes per year. Maximum contents of zinc in feed 
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1.  Report on Zinc requirements of weaned pigs. Bikker et al. (2011).
18 Submitted by the European 
Commission. 
2.  Data from European Countries concerning “Allowance/Requirements levels of zinc for animal 
species, defined by national scientific bodies” and “Analyses of compound feed for all animal 
species/categories obtained during national official controls” received as reply to the ad-hoc 
questionnaires submitted to the Focal Points of the EFSA‟s Advisory Forum. 
3.  Data  from  Stakeholders  concerning  “Industry  recommendation  of  zinc  supplementation  and 
zinc  use  level  in  all  animal  species  categories  in  the  EU”  and  “Typical  composition  of 
complete/complementary feed for all animal species/categories” received as reply to the ad-hoc 
questionnaires submitted to the stakeholders via the EFSA‟s stakeholder platform. 
4.  EFSA Internal Report. Dietary and Chemical Monitoring Unit. Technical assistance “Assistance 
in Data processing from Questionnaires received from Member States and Stakeholders in the 
context of Zinc in Feed”. December 2013. 
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APPENDICES  
APPENDIX A. Zinc concentration in feed materials 
Table A1:  Zinc concentration in feed materials according to CVB
1 feed composition tables (in mg/kg  
feed material as is) and in mineral feed materials according to Batal and Dale (2008)
2 
Feed materials  mg/kg  Feed materials  mg/kg 
Alfalfa meal  21-27  Barley  23 
Barley feed (residue of polishing)  67  Barley milling byproduct  35 
Beans (phaseolus)  heat treated  32  Biscuits  8-11 
Blood meal spray dried  37  Bone meal  118 
Bread meal  16  Brewers' grains dried  65 
Brewers' yeast dried  49  Buckwheat  9 
Canary seed  31  Carob  6 
Casein  36  Chicory pulp dried  31 
Citrus pulp dried  9  Coconut expeller  46 
Coconut extracted  53  Cotton expeller with hulls  71-72 
Cotton extracted with hulls  68  Distillers grains and solubles  61 
Fat from animals  9  Feather meal hydrolysed  140 
Fish meal  83-84  Grass meal  34-47 
Horsebeans  41  Horsebeans white  40 
Lentils  33  Linseed  50 
Linseed expeller  69  Linseed extracted  52 
Lupins  37-52  Maize  21 
Maize chemically-heat treated  18  Maize feed meal extracted  46 
Maize feed flour   4  Maize germ meal expeller/extracted  62-63 
Maize gluten feed  57-68  Maize gluten meal  19 
Malt culms  39  Meat and bone meal  99-104 
Meat meal  114-156  Milk powder skimmed  45 
Milk powder whole   50  Millet  25 
Nigerseed  42  Oats grain  25 
Oats grain peeled  28  Oats husk meal  21 
Palm kernels  20  Palmkern expeller  42-44 
Peanut expeller  64-65  Peanut extracted  50-51 
Peas  31  Potatoes sweet dried  6 
Potato pulp  35  Potato starch  2-3 
Potato protein  3-29  Rapes meal  60 
Rapeseed  40  Rapeseed expeller  62 
Rapeseed extracted  60  Rice bran meal extracted  93 
Rice feed  56-73  Rice with hulls  16 
Rye  29  Sesameseed meal extracted  91 
Sesameseed expeller  126  Sorghum  19 
Soybean meal  47-51  Soybean expeller  46 
Soybean hulls  50  Soybeans  38 
Sugarbeet pulp  16-30  Sugarbeet/sugarcane molasses  9 
Sunflowers with hulls/dehulled  42  Sunflower expeller with hulls/dehullsed  70-71 
Sunflower meal  79-100  Tapioka  8-10 
Triticale  34  Vinasse sugarbeet  15-40 
Wheat  23  Wheat bran  99 
Wheat feed meal  74  Wheat feed flours  54 
Wheat germ  169  Wheat germ feed  86 
Wheat gluten meal  36  Wheat gliuten feed  47 
Wheat middlings  85  Whey powder  13 
Whey powder partially delactosed  10-32     
1 Centraal Veevoederbureau (CVB). 2007. Feed Tables. Produktschap Diervoeding, The Netherlands. Maximum contents of zinc in feed 
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Table A1 (continued): Zinc concentration in feed materials according to CVB
1 feed composition 
tables (in mg/kg DM) and in mineral feed materials (in mg/kg as is) according to Batal 
and Dale (2008)
2 
Moisture rich feed materials  mg/kg DM  Moisture rich feed materials  mg/kg DM 
Beet pulp fresh/ensiled  34  Brewers grains  98-99 
Brewers yeast  65  Corn cob meal  28-30 
Whey  29-37  Chicory pulp fresh/ensiled  41 
Maize gluten feed fresh/ensiled  45  Maize solubles  226 
Potato starch, different products  19-32  Potato cut, raw  15 
Potato juice concentrate  111  Potato pulp  11-18 
Wheat starch  27-33     
Roughages and comparable 
products 
mg/kg DM 
Roughages and comparable products 
mg/kg DM 
Beet leaves ensiled  189  Chicory roots frcsh cleaned  14 
Clover red silage  24  Cucumber fresh  65 
Fodderbeets cleaned  100  Gras, average  43 
Gras silage, average  42  Green cereals silage  41 
Lucerne (alfalfa) ad  28  Lucerne silage  45 
Maize (fodder) ad  38  Maize Cobs with leaves silage  31 
Maize, fresh  38  Maize silage  38 
Sunflower silage  57  Whole crop silage (cereals)   48 
1 Centraal Veevoederbureau
 (CVB). 2007. Feed Tables. Produktschap Diervoeding, The Netherlands. 
 
 
Mineral feed materials  mg/kg  Mineral feed materials  mg/kg 
Bone meal (steamed)  424  Diammonium phosphate  300 
Difluorinated phosphate  44  Dicalcium phosphate  220 
Mono-dicalcium phosphate  210  Monoammonium phosphate  300 
2 Batal and Dale. 2008. Feedstuffs September 10, p. 16. 
 Maximum contents of zinc in feed 
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Table A2:  Zinc concentration in feed  materials according to  INRA
1 feed composition Tables (in 
mg/kg feed material as is) 
Cereals  mg/kg ± SD  Cereals  mg/kg ± SD 
Barley  30 ± 8  Maize  19 ± 6 
Oats  23 ± 4  Oats groats  26 
Rice, brown  17  Rye  22 
Sorghum  19 ± 7  Triticale  20 ± 9 
Wheat, durum  15  Wheat, soft  27 ± 8 
Wheat byproducts  mg/kg ± SD  Wheat byproducts  mg/kg ± SD 
Wheat bran  74 ± 25  Wheat middlings  91 ± 20 
Wheat shorts  81  Wheat feed flour  40 
Wheat gluten feed, starch 25 %   62  Wheat gluten feed, starch 28 %  61 
Maize byproducts  mg/kg ± SD  Maize byproducts  mg/kg ± SD 
Corn distillers  65  Corn gluten feed  53 ± 15 
Corn gluten meal   33 ± 16  Maize bran  2 
Maize germ meal, solvent extracted  131  Hominy feed  45 
Other cereal byproducts  mg/kg ± SD  Other cereal byproducts  mg/kg ± SD 
Barley rootlets, dried  78  Brewers‟ dried grains  82 ± 28 
Rice bran, extracted  73  Rice bran, full fat  60 ± 22 
Rice, broken  16     
Legume and oil seeds  mg/kg ± SD  Legume and oil seeds  mg/kg ± SD 
Chickpea  22  Cottonseed, full fat  34 ± 3 
Faba bean, coloured flowers  31 ± 6  Faba bean, coloured flowers  31 
Linseed, full fat  45  Lupin, blue  31 
Lupin, white  27  Pea  32 
Rapeseed, full fat  40  Soybean, full fat, extruded  40 
Soybean, full fat, toasted  40  Sunflower seed, full fat  51 
Oil seed meals  mg/kg ± SD  Oil seed meals  mg/kg ± SD 
Copra meal, expeller  49  Cottonseed meal, CF 7-14 %  72 
Cottonseed meal, CF 14-20 %  58  Grapeseed oil meal, solvent extracted  15 
Groundnut meal, detoxified, CF < 9 %  58  Groundnut meal, detoxified, CF > 9 %  57 ± 11 
Linseed meal, expeller  66  Linseed meal, solvent extracted  60 
Palm kernel meal, expeller  32 ± 20  Rapeseed meal  65 ± 17 
Sesame meal, expeller  125  Soybean meal  47 
Sunflower meal, partially decorticated  69  Sunflower meal, undecorticated  92 ± 11 
Other plant byproducts  mg/kg ± SD  Other plant byproducts  mg/kg ± SD 
Beet pulp, dried  19 ± 9  Beet pulp dried, molasses added  13 
Beet pulp, pressed  4 ± 1  Brewers‟ yeast, dried  64 
Carob pod meal  7  Citrus pulp, dried  12 ± 13 
Grape marc, dried  25  Liquid potato feed  7 
Molasses, beet  17  Molasses, sugarcane  13 ± 15 
Potato protein concentrate  21  Potato pulp, dried  40 
Soybean hulls  40 ± 11  Vinasse, from yeast production  97 
Dehydrated forages  mg/kg  Dehydrated forages  mg/kg ± SD 
Alfalfa, dehydrated, protein  19 - 26  Grass, dehydrated  32 ± 7  
Wheat straw  19     
Dairy products  mg/kg  Dairy products  mg/kg 
Milk powder, skimmed  43  Milk powder, whole  33 
Whey powder, acidic  64  Whey powder, sweet  20 
Fish meals and solubles  mg/kg ± SD  Fish meals and solubles  mg/kg ± SD 
Fish meal, protein 62 %  89 ± 5  Fish meal, protein 65 %  85 ± 14 
Fish meal, protein 70 %  88  Fish solubles, condensed, defatted  78 
Other animal byproducts  mg/kg ± SD  Other animal byproducts  mg/kg ± SD 
Blood meal  23 ± 2  Feather meal  130 ± 18 
Meat and bone meal, fat <7.5 %  109  Meat and bone meal, fat >7.5 %  110 
1  INRA.  2004.  Tables  of  composition  and  nutritional  value  of  feed  materials.  Wageningen  Academic  Publishers,  The 
Netherlands & INRA, Paris, France. Maximum contents of zinc in feed 
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Table A3:   Zinc content in feed materials according to DLG-Futtermitteldatenbank
1 
Feed material
2  Number of 
samples 
Zn mean, 
(mg/kg DM) 
SD 
Grassland 1-2 uses (late 1st use)  97  33.7  13.3 
Grassland 2-3 uses   70  30.2  13.5 
Grassland 4 uses  85  36,2  11.3 
Lucerne (Alfalfa)  5  54.6  30.1 
Jerusalem artichoke, roots  12  15.5  1.3 
Winter barley, grain seeds  135  25.4  13.2 
Winter wheat, grain seeds  51  26.9  18.4 
Common vetch, grains  11  46.8  2.8 
Stillage (from barley)  6  72.8  31.4 
Stilage sludge (from barley)  5  78.8  22.1 
Brewers' grain  11  72.0  11.6 
Stillage (from wheat)  18  75.9  6.7 
Stillage from maize  10  69.5  17.1 
Citrus pulp  6  14.6  20.1 
Rapeseed expeller  10  62.5  19.2 
Extracted rape seed   15  65.2  18.4 
Extracted soya bean meal, partially decorticated  14  62.4  11.3 
Extracted soya bean meal, hulled  45  58.3  12.4 
Vinasse from sugar beet  5  76.7  22.3 
Acid whey, mineral-acidic  9  28.2  20.0 
Fish meal  11  115.2  30.7 
Brown algae  5  71.3  22.0 
Red algae  13  74.6  23.1 
Carob, seeds  18  47.4  8.1 
Oat grains  21  31.6  8.7 
1 Source: DLG (2014) DLG-Futtermitteldatenbank <http://datenbank.futtermittel.net>  
2 Feed materials with less than five samples analysed have not been listed. Maximum contents of zinc in feed 
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Table A4:  Zinc content in feed materials according to Agroscope
1 
Feed material   Number of 
samples 
Dry matter 
(g/kg) 
Zn mean 
(mg/kg DM) 
SD 
 
Barley    51  882  25.6  3.1 
Wheat  54  885  26.6  4.1 
Triticale  25  896  32.1  3.2 
Oats  20  909  26.9  3.9 
Maize    46  887  18.2  1.2 
Millet  13  915  30.9  2.4 
Sorghum  19  905  20.3  3.9 
         
Oat hulls  7  939  10.8  2.0 
Barley offal  5  912  48.1  7.9 
Oat offal  9  934  29.8  10.1 
Wheat middlings  8  894  122.8  15.5 
Wheat feedmeal  6  889  40.0  11.2 
Oat feedmeal  6  916  37.6  4.3 
Wheat bran  11  889  103.6  12.7 
Wheat starch  10  917  4.6  7.0 
Maize gluten  10  924  23.2  7.2 
Cereal aftermeal  11  888  82.1  15.3 
Distiller dried grain  8  938  61.5  5.0 
Brewery by-product  7  919  93.3  3.1 
         
Horse beans  5  902  47.2  3.6 
Lupin white  5  905  38.3  2.5 
Lupin blue  5  901  32.6  1.6 
         
Rapeseed meal cake  10  916  60.9  2.5 
Rapeseed meal  9  901  65.5  3.5 
Soybean meal cake  10  893  55.2  2.0 
Soybean meal  14  892  52.2  3.4 
Sunflower meal cake  11  922  82.6  6.9 
Lineseed meal cake  10  912  70.7  11.0 
         
Sugarbeet pulp  8  892  16.6  5.3 
Sugarbeet molasses  8  811  23.5  7.8 
Potato protein  8  915  23.4  4.2 
         
Milk powder skimmed  7  954  42.2  4.8 
Whey powder  6  963  3.7  1.5 
1  Source: Schlegel P, 2013. Teneurs en minéraux des matières premières destinées aux animaux de rente. Internal Agroscope 
Research Report. Unpublished. Maximum contents of zinc in feed 
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Table A5:  Zinc content in forages according to Agroscope
1 
  
Growth stage
2 
Zn (mg/kg DM) 
First cut  Further cuts 
G, graminea rich population  
1  30  34 
2  27  31 
3  25  29 
4  23  27 
5  22  26 
6  22  26 
7  22  25 
GR, graminea rich population with raygrass 
1  28  32 
2  26  29 
3  23  27 
4  22  26 
5  21  24 
6  20  24 
7  20  24 
E, graminea and legume rich population  
1  30  34 
2  27  31 
3  25  29 
4  23  27 
5  22  26 
6  22  26 
7  22  25 
ER, graminea and legume rich population, 
with raygrass 
1  28  32 
2  26  29 
3  23  27 
4  22  26 
5  21  24 
6  20  24 
7  20  24 
Modeled data: N= 205, year 2008-2012, non conserved. 
1 Source: Schlegel P, 2013. Teneurs en minéraux des herbages. Internal Agroscope Research Report. Unpublished. 
2 Growth stage 1: begin elongation, 2: elongation, 3: begin heading, 4: heading, 5: end heading, 6: flowering, 7: seeding. 
Table A6:  Concentrations of zinc (mean and range, mg/kg) in fish meal  
Year  Number of 
samples 
Zinc 
Mean (mg/kg)  Range (mg/kg) 
2003  10  77  65-93 
2004  10  70  51-90 
2005  8  55  45-64 
2006  13  70  50-96 
2007  13  73  29-210 
2008  4  69  64-74 
  Source: Norwegian Food Safety Authority‟s Annual Fish Feed Surveillance Programme. 
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APPENDIX B. Content of P, phytate P and phytase activity in feed materials 
Table B1:   Content of total P (%), phytate P (%) and phytase activity (FTU/kg) in feed materials 
Reference  1  Total P  Phytate P  Phytase 
activity 
2  Total P  Phytate 
P 
3  Total P  Phytate 
P 
Phytase 
activity 
4  Total 
P 
Phytate 
P 
Phytase 
activity 
5  Total 
P 
Phytate 
P 
6  Total P  Phytate 
P 
Feed material   n  n  n  n  n  n 
% 
(88% DM) 
%  
(88% DM) 
FTU/kg 
(88% DM)  % DM  % DM 
%  
(88% DM) 
%  
(88% DM) 
FTU/kg 
(88% DM)  % DM  % DM 
FTU/kg 
DM  % DM  % DM 
%  
(88% DM) 
%  
(88% DM) 
Wheat  13 
0.33 
(0.31-0.38) 
0.22 
(0.19-0.27) 
1193 
(915-1581)    
   
5  0.33  0.18  1565  18  0.40  0.29  2886  22  0.42  0.25 
 
0.37  0.24 
Barley  9 
0.37 
(0.34-0.39) 
0.22 
(0.20-0.24) 
582 
(408-882)    
           
15  0.42  0.26  2323 
       
0.36  0.19 
Maize  11 
0.28 
(0.25-0.35) 
0.19 
(0.16-0.26)  15 (0-46)  4  0.26  0.22  5  0.25  017  24 
       
133  0.32  0.19 
 
0.28  0.20 
Oats  6 
0.36 
(0.33-0.40) 
0.21 
(0.16-0.28)  42 (0-108)    
           
6  0.37  0.25  496 
       
0.27  0.22 
Sorghum  5 
0.27 
(0.20-0.33) 
0.19 
(0.14-0.24)  24 (0-76)    
   
5  0.26  0.17  24 
                    Sorghum dark colour 
       
2  0.41  0.27 
                            Sorghum light colour 
       
3  0.36  0.23 
                            Buckwheat 
       
  
                           
0.32  0.20 
Millet 
       
13  0.25  0.17 
                       
0.32  0.20 
Rye  2 
0.36 
(0.35-0.36) 
0.22 
(0.20-0.23) 
5130 
(4132-6127)    
           
13  0.36  0.24  6016 
       
0.32  0.26 
Rice brown 
       
3  0.38  0.28  5  0.12  0.08  112 
                    Rice polished 
       
2  0.31  0.17  5  1.57  1.13  134 
               
0.08  0.05 
Triticale  6 
0.37 
(0.35-0.40) 
0.35 
(0.22-0.28) 
1688 
(1475-2039)    
           
12  0.40  0.28  2799 
       
0.30  0.20 
Peas  11 
0.38 
(0.36-0.40) 
0.17 
(0.13-0.21)  116 (36-183)    
           
18  0.41  0.24  262 
           
Soybeans  4 
0.57 
(0.55-0.59) 
0.26 
(0.23-0.28)  55 (0-188)  3  0.60  0.37 
                            Field beans  1  0.50  0.23  81    
           
11  0.57  0.39  290 
            Groundnut 
       
4  0.49  0.40 
                            Lupins  1  0.25  0.05  0    
   
5  0.64  0.49  51  14  0.57  0.35  324 
            Cottonseed 
       
  
                                Lentils 
       
2  0.31  0.20 
                           
Wheat bran fine  6 
0.95 
(0.088-1.03) 
0.72 
(0.60-0.81) 
4601 
(3485-5345)  2  1.15  0.57  5  0.92  0.63  928  3  0.88  0.79  9945 
       
1.15  0.95 
Wheat bran pellets  15 
1.01 
(0.88-1.17) 
0.78 
(0.62-0.88) 
2573 
(1206-4230)    
                               Maximum contents of zinc in feed 
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Wheat middlings pellets  5 
0.80 
(0.53-1.20) 
0.53 
(0.33-0.71) 
4381 
(2825-5042)    
                   
31  1.31  0.80 
     
Wheat feed  11 
0.56 
(0.26-0.91) 
0.39 
(0.15-0.64) 
3350 
(1007-4708)    
                           
0.49  0.35 
Wheat shorts 
       
  
                   
15  1.25  0.72 
     
Wheat bran  5 
1.16 
(1.03-1.36) 
0.97 
(0.77-1.27) 
2957 
(1180-5208)    
                                Rye bran 
       
  
           
3  0.58  0.49  9241 
           
Malt sprouts  4 
0.60 
(0.52-0.73) 
0.01 
(0.0-0.05) 
877 
(605-1174)    
                               
Corn distillers  3 
0.90 
(0.86-0.96) 
0.19 
(0.17-0.21) 
385 
(141-850)    
   
5  1.22  0.30  39 
       
89  0.96  0.26 
 
1.27  0.10 
Rice bran  2 
1.71 
(1.37-1.74) 
1.10 
(1.08-1.11) 
122 
(108-135)  4  1.34  1.03 
                       
1.50  1.23 
Maize glutenfeed  9 
0.87 
(0.63-1.00) 
0.47 
(0.35-0.54)  48 (0-177)    
                           
0.50  0.36 
Maize glutenfeed pellets  5 
0.89 
(0.75-0.99) 
0.52 
(0.40-0.60)  5 (0-15)    
                                Maize germs  1  0.65  0.42  16    
   
10  0.93  0.60  49 
                   
Maize feed flour  2 
0.23 
(0.22-0.24) 
0.14 
(0.12-0.16)  5 (3-6)    
                               
Maize feed flour USA  5 
0.50 
(0.45-0.55) 
0.27 
(0.20-0.36)  37 (0-78)    
                                Rice feed  1  0.32  0.23  0    
                               
Rice bran extracted  4 
1.89 
(1.57-2.21) 
0.79 
(0.69-1.07)  45 (0-145)    
                               
Wheat glutenfeed  6 
0.78 
(0.71-1.87) 
0.56 
(0.44-0.69)  25 (0-150)    
                               
Peanut extracts  3 
0.68 
(0.65-0.70) 
0.32 
(0.30-0.34)  3 (0-8)    
                           
0.63  0.50 
Coconut expeller  4 
0.53 
(0.47-0.58) 
0.18 
(0.14-0.20)  24 (0-80)  5  0.59  0.33  5  0.43  0.24  37 
                   
Lineseed expeller  4 
0.75 
(0.73-0.78) 
0.42 
(0.39-0.43)  5 (0-12)    
                                Lineseed extracted  1  0.82  0.47  41    
                               
Rapeseed extracted  5 
1.12 
(1.07-1.17) 
0.40 
(0.34-0.48)  16 (0-36)    
                   
21  1.35  0.70 
 
1.17  0.87 
Palmkernel expeller  6 
0.59 
(0.55-0.62) 
0.39 
(0.33-0.41)  37 (0-91)    
   
4  0.51  0.29  34 
                   
Sunflower extracted  11 
1.00 
(0.86-1.28) 
0.44 
(0.32-0.51)  40 (0-185)    
                           
1.00  0.84 
Soybeanmeal expeller 
       
3  0.63  0.38 
                           
Soybeanmeal 44 extracted  15 
0.66 
(0,61-0,71) 
0.35 
(0.33-0.39)  40 (0-120)  2  0.63  0.38  5  0.57  0.37  62 
       
114  0.84  0.40 
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Soybeanmeal 48 extracted  5 
0.61 
(0.59-0.62) 
0.32 
(0.28-0.33)  8 (0-20)    
                               
Soybeanmeal 50 extracted  9 
0.71 
(0.67-0.73) 
0.38 
(0.37-0.40)  31 (0-149)    
                                Cottonseed meal 
       
  
   
5  1.34  0.84  36 
               
0.97  0.75 
Safflourmeal 
       
  
                           
1.29  0.90 
Sesam meal 
       
  
                           
1.37  1.03 
Maize ensiled  7 
0.30 
(0.24-0.38) 
0.13 
(0.11-0.18)  12 (0-30)    
                               
Beet pulp pellets  18 
0.10 
(0.08-0.11)  0  3(0-13)    
                                Potato  1  0.10  0.00  0,00  2  0.24  0.05 
                            Potato starch  1  0.10  0.00  0,00    
                               
Cassava roots chips  11 
0.09 
(0.06-0.12)  0.00  6 (0-40)  2  0.16  0.04 
                           
Cassava roots pellets  7 
0.08 
(0.06-0.12)  0.00  9 (0-21)    
                               
Potatoes sweet  3 
0.11 
(0.10-0.13)  0.00  26 (0-73)  2  0.21  0.05 
                           
Citrus pulp  4 
0.10 
(0.09-0.11)  0.00  3(0-12)    
                                Cocoa shells  1  0.40  0.00  65    
                               
Soybean hulls  5 
0.19 
(0.17-0.21)  0.00  99 (0-150)    
                                Flax chaff  1  0.10  0.00  58    
                               
Mycelium  2 
0.14 
(0.13-0.15)  0.00  77 (22-131)    
                               
Alfalfa  7 
0.23 
(0.11-0.33)  0.00  60 (15-250)    
                         
0.2  0 
  Maize cobbs  1  0.05  0.00  58    
                                1. Eeckhout W and de Paepe M, 1994. Total phosphorus, phytate-phosphorus and phytase activity in plant feedstuffs. Animal Feed Science and Technology, 47, 19–29. 
2. Ravindran V, Ravindran G and Sivalogan S, 1994. Total and phytate phosphorus contents of various foods and feedstuffs of plant origin. Food Chemistry, 50, 133–136.   
3. Godoy S, Chicco C, Meschy F and Requena F, 2005. Phytic phosphorus and phytase activity of animal feed ingredients. Interciencia, 30, 24–28. 
4. Steiner T, Mosenthin R, Zimmermann B, Greiner R and Roth S, 2007. Distribution of phytase activity, total phosphorus and phytate phosphorus in legume seeds, cereals and 
cereal by-products as influenced by harvest year and cultivar. Animal Feed Science and Technology, 133, 320-334. 
5. Tahir M, Shim M, Ward N, Smith C, Foster E, Guney A and Pesti G. 2012. Phytate and other nutrient components of feed ingredients for poultry. Poultry Science, 91, 928-935. 
6. NRC (National Research Council). 1994. Nutrient requirements for Poultry. 9th rev. ed. Natl. Acad. Press, Washington, DC. 
FTU: One unit of phytase activity is defined as the amount ofenzyme which sets free1 micromol of inorganic phosphorus per minute from 0.0015M sodium phytate solution at 
37°C and pH 5.5. (ISO 30024/2009). Maximum contents of zinc in feed 
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Table B2:   Content of phytate P (% and g/kg), Zn (mg/kg) and Zn bound to phytate (%)
1 
Feed material  
Phytate P % 
Phytate-P 
Mean % 
Phytate-P 
g/kg 
Zn content 
mg/kg 
Zn bound to 
phytic acid 
mg/kg 
Bound Zn  
% of total Zn  Ref 1  Ref 2  Ref 3  Ref 4  Ref 5  Ref 6 
Wheat  0.22 
 
0.18  0.29  0.25  0.24  0.24  2.36  23  24  103 
Barley  0.22 
   
0.26 
 
0.19  0.22  2.23  23  22  97 
Maize  0.19  0.22  0.17 
 
0.19  0.20  0.19  1.93  21  19  92 
Oats  0.21 
   
0.25 
 
0.22  0.23  2.27  25  23  91 
Sorghum  0.19 
 
0.17 
     
0.18  1.80  19  18  95 
Buckwheat 
         
0.20  0.20  2.00  9  20  222 
Millet 
 
0.17 
     
0.20  0.19  1.85  25  19  74 
Rye  0.22 
   
0.24 
 
0.26  0.24  2.40  29  24  83 
Rice brown 
 
0.28  0.08 
     
0.18  1.80  16  18  113 
Triticale  0.35 
   
0.28 
 
0.20  0.28  2.77  34  28  81 
Peas  0.17 
   
0.24 
   
0.21  2.05  31  21  66 
Soybeans  0.26  0.37 
       
0.32  3.15  38  32  83 
Field beans  0.23 
   
0.39 
   
0.31  3.10  41  31  76 
Groundnut 
 
0.40 
       
0.40  4,00  50  40  80 
Lupins  0.05 
 
0.49  0.35 
   
0.30  2,97  45  30  66 
Wheat bran fine  0.72  0.57  0.63  0.79 
 
0.95  0.73  7.32  99  73  74 
Wheat bran pellets  0.78 
         
0.78  7.80  99  78  79 
Wheat middlings pellets  0.53 
     
0.80 
 
0.66  6.65  85  66  78 
Wheat feed  0.39 
       
0.35  0.37  3.70  54  37  69 
Wheat shorts 
       
0.72 
 
0.72  7.20  86  72  84 
Wheat bran  0.97 
         
0.97  9.70  99  97  98 
Corn distillers  0.19 
 
0.30 
 
0.26  0.10  0.21  2.12  61  21  35 
Rice bran  1.10  1.03 
     
1.23  1.12  11.20  93  112  120 
Maize glutenfeed  0.47 
       
0.36  0.42  4.15  68  42  61 
Maize glutenfeed pellets  0.52 
         
0.52  5.20  68  52  76 
Maize germs  0.42 
 
0.60 
     
0.51  5.10  63  51  81 
Maize feed flour  0.14 
         
0.14  1.40  46  14  30 
Maize feed flour USA  0.27 
         
0.27  2.70  46  27  59 
Rice feed  0.23 
         
0.23  2.30  65  23  35 
Rice bran extracted  0.79 
         
0.79  7.90  93  79  85 Maximum contents of zinc in feed 
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Wheat glutenfeed  0.56 
         
0.56  5.60  47  56  119 
Peanut extracts  0.32 
       
0.50  0.41  4.10  60  41  68 
Coconut expeller  0.18  0.33  0.24 
     
0.25  2.50  46  25  54 
Lineseed expeller  0.42 
         
0.42  4.20  69  42  61 
Lineseed extracted  0.47 
         
0.47  4.70  52  47  90 
Rapeseed extracted  0.40 
     
0.70  0.87  0.66  6.55  60  66  109 
Palmkernel expeller  0.39 
 
0.29 
     
0.34  3.40  42  34  81 
Sunflower extracted  0.44 
       
0.84  0.64  6.40  90  64  71 
Soybeanmeal expeller 
 
0.38 
       
0.38  3.80  46  38  83 
Soybeanmeal 44 extracted  0.35  0.38  0.37 
 
0.40  0.38  0.38  3.75  48  38  78 
Soybeanmeal 48 extracted  0.32 
         
0.32  3.20  48  32  67 
Soybeanmeal 50 extracted  0.38 
         
0.38  3.80  48  38  79 
Cottonseed meal 
   
0.84 
   
0.75  0.80  7.95  68  80  117 
Sesam meal 
         
1.03  1.03  10.30  91  103  113 
Maize ensiled  0.13 
         
0.13  1.30  38  13  34 
             
Mean  4.28  53  43  82 
1 According to the assumption: 1g Phytate-P binds 10 mg Zn in cereals (Revy et al., 2003; Rodrigues-Filho et al., 2005). 
Ref 1. Eeckhout W and de Paepe M, 1994. Total phosphorus, phytate-phosphorus and phytase activity in plant feedstuffs. Animal Feed Science and Technology, 47, 19–29. 
Ref 2. Ravindran V, Ravindran G and Sivalogan S, 1994. Total and phytate phosphorus contents of various foods and feedstuffs of plant origin. Food Chemistry, 50, 133–136.   
Ref 3. Godoy S, Chicco C, Meschy F and Requena F, 2005. Phytic phosphorus and phytase activity of animal feed ingredients. Interciencia, 30, 24–28. 
Ref 4. Steiner T, Mosenthin R, Zimmermann B, Greiner R and Roth S, 2007. Distribution of phytase activity, total phosphorus and phytate phosphorus in legume seeds, cereals 
and cereal by-products as influenced by harvest year and cultivar. Animal Feed Science and Technology, 133, 320-334. 
Ref 5. Tahir M, Shim M, Ward N, Smith C, Foster E, Guney A and Pesti G. 2012. Phytate and other nutrient components of feed ingredients for poultry. Poultry Science, 91, 
928-935. 
Ref 6. NRC (National Research Council). 1994. Nutrient requirements for Poultry. 9th rev. ed. Natl. Acad. Press, Washington, DC. 
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APPENDIX C. Background concentration of zinc in complete feed, from several sources 
 
Table C1:  Background concentration of zinc in a representative complete feedingstuff for a list of 
animal species/categories using CVB
1 and INRA
2 trace element composition tables
3 
 
  
Number of feed 
materials 
in the formula  
Total zinc background 
concentration (mg/kg) in complete 
feedingstuff 
      CVB  INRA
4 
Starter Chicks (complete feed)  10  35.9  38.3 
Chicken reared for laying (complete feed)  11  39.7  41.8 
Layer Phase I (complete feed)  10  32.1  33.7 
Layer Phase II (complete feed)  10  33.2  35.6 
Broiler Starter (complete feed)  8  29.9  30.9 
Broiler Grower (complete feed)  9  30.3  31.9 
Broiler Finisher (complete feed)   8  29.5  31.9 
Turkey Starter (complete feed)  7  38.6  39.0 
Turkey Grower (complete feed)  7  35.9  36.9 
Turkey Finisher (complete feed)  6  34.3  35.3 
Turkey Breeder (complete feed)   5  25.1  23.4 
Duck, grower/finisher (complete feed)  6  32.7  35.8 
Geese, grower/finisher (complete feed)  5  31.0  31.5 
Piglet Starter I (from weaning)  8  27.6  31.1 
Piglet Starter II (complete feed)    13  32.2  36.2 
Pig Grower (complete feed)  12  34.5  37.0 
Pig Finisher (complete feed)  12  36.0  39.4 
Sows, gestating (complete feed)  14  45.9  44.4 
Sows, lactating (complete feed)  14  37.4  40.5 
Calf, milk replacer (complete feed)  8  16.7  20.2 
Calf concentrate (complete feed)  14  41.7  35.3 
Calf concentrate (complementary feed)  13  41.5  38.5 
Cattle concentrate (complete feed)
5  8  33.1  33.6 
Cattle concentrate (complementary feed)  7  29.3  30.0 
Dairy cows TMR (based on corn silage)
5  13  41.3  41.4 
Dairy cows TMR (based on grass silage)
5  13  41.5  41.4 
Dairy concentrate (complementary feed)  11  43.2  42.3 
Dairy cows mineral feed (min. 40% crude ash)  7  38.6  38.6 
Rabbit, breeder (complete feed)  5  53.1  49.3 
Rabbit, grower/finisher (complete feed)  8  44.6  42.7 
Salmon feed (wet)
5  4  50.1  52.9 
Salmon feed (dry)  4  55.0  57.2 
Trout feed (dry)  6  39.9  39.4 
Dog food (dry)  9  73.0  53.2 
Cat food (dry)  12  46.3  75.0 
1 CVB. 2007. Feed Tables. Productschap Diervoeding, The Netherlands. 
2 INRA. 2004. Tables of composition and nutritional value of feed materials. Wageningen Academic Publishers, The 
Netherlands & INRA, Paris, France. 
3 For mineral sources element concentrations were used from Batal and Dale. 2008. Feedstuffs September 10, p. 16. 
4 For feed materials without Zn content in the INRA tables, CVB values were used to complete the dataset. 
5 On DM basis. 
 
 
 
 Maximum contents of zinc in feed 
 
EFSA Journal 2014;12(5):3668  67 
Table  C2:  Zinc  in  feed  extracted  from  data  submitted  from  the  Industry  as  response  to  a   
questionnaire on “Typical composition of complete/complementary feed for all animal 
species/categories” 
Animal-Food  Zinc in feed (mg/kg) 
Contribution from feed ingredients 
Complete Dry Dog Food  56.5 
Complementary Dry Dog Food  49.2 
Completementary Semi-moist Dog Food  68.6 
Complete Dry Cat Food  59.1 
Typical Dry Food for dogs  37.2 
Typical Dry Food for cats  41.4 
Parakeet  43.4 
Dwarf rabbit (without cereals)  22.7 
Dwarf rabbit (with cereals)  42.0 
Goldfish  14.8 
Tropical fish  30.5 
Ornamental birds (Canary, Budgie, Exotic)  14.6 
Pet rabbits and Guinea pigs  8.9 
Hamsters  10.0 
Complete Premium Dry Food for cats  42.6 
Complete Super-Premium Dry Food for cats  59.2 
Complete Premium Dry Food for dogs  6.8 
Complete Super-Premium Dry Pet Food for dogs  45.8 
Comment of the FEEDAP Panel to Table C2. The data cannot be compared with the values of Table C1 
for several reasons: (i) Table C1 is calculated on the basis of feed materials, Table C2 on the basis of 
ingredients (e.g. cereals, meat and animal derivatives), (ii) Table C1 considers the contribution from 
phosphorus and calcium sources to total zinc, while Table C2  does not,  (iii) Table C2 obviously 
operated twice with ranges for the zinc content: for the feed material given in the formula and for the 
zinc content in the specific feed material. 
 Maximum contents of zinc in feed 
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APPENDIX D. Data of zinc in compound feed from monitoring activities in European countries 
Table D1:  Data submitted from European Countries as response to a questionnaire on “Analyses of 
Compound  Feed  for  all  animal  species/categories  obtained  during  National  Official 
Controls”: raw data, data validation and analysed data 
Compound feed
(1) 
All data 
Excluded data  
based on feed type  
Excluded data 
based on zinc amount 
Data  
analysed 
Poultry  1841  397  43  1401 
Starter chicks  81  6  0  75 
Chickens reared for laying  61  8  1  52 
Laying hens  862  294  23  545 
Chickens for fattening   512  62  17  433 
Turkeys  176  16  2  158 
Other poultry: ducks and geeses  149  11  0  138 
Pigs  7740  1581  301  5858 
Piglets   2821  526  197  2098 
Pigs for fattening   4032  811  97  3124 
Sows  887  244  7  636 
Bovids  2936  634  690  1612 
Calves  234  166  27  41 
Calf milk replacer  229  16  22  191 
Cattle  1019  417  352  250 
Dairy cow  1097  35  232  830 
Sheep, concentrate  331  0  51  280 
Goat, concentrate  26  0  6  20 
Horses  421  59  48  314 
Rabbits  243  33  5  205 
Fish  116  5  2  109 
Dogs  207  20  25  162 
Cats  114  14  24  76 
TOTAL  13618  2743  1138  9737 
1 The following grouping was applied: 
“Laying hens”: Includes the data labelled as feed for laying hens, layer phase I and layer phase II 
“Chickens for fattening”: Includes the data labelled as feed for chickens for fattening, broiler starter, grower and finisher 
“Turkeys”: Includes the data labelled as feed for turkeys for fattening, starter, grower and finisher  
“Piglets”: Includes the data labelled as feed for piglets weaned, piglets starter I and piglets starter II 
”Pigs for fattening”: Includes the data labelled as feed for pigs for fattening, pig grower and pig finisher 
”Sows”: Includes the data labelled as feed for sows, sows gestating and sows lactating 
“Rabbit”: Includes the data labelled as feed for rabbit, rabbit breeder and rabbit grower/finisher. 
Table D2:  Zinc  in  fish  feed  (mg/kg  feed  DM).  Data  from  Norwegian  Food  Safety  Authority‟s 
Annual Fish Feed Surveillance Programme  
Year  Samples (n)  Mean  Range 
2001  23  224  40 - 308 
2003  40  165  44 - 235 
2004  40  148  96 - 191 
2005  23  122  31 - 254 
2006  49  141  68 - 241 
2007  22  144  100 - 190 
2008  21  162  61 - 260 
2009  25  168  110 - 230 
2010  23  157  110 - 210 
2011  25  162  109 - 242 Maximum contents of zinc in feed 
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APPENDIX E.   Zinc  in  feed  (mg/kg)  per  animal  category
19  (figures
20  and  tables). Data from 
European countries (2010-2012)
21 
Figure and Table E.1: Starter Chicks 
 
 
 
No of samples  75 
Mean of zinc in feed (mg/kg)  105.2 
P90  139.0 
Median  103.0 
P10  68.0 
Range used  30-160 
% samples above limit (100 mg/kg)  53.3 
% samples below limit (100 mg/kg)  46.7 
Number of samples per country: CH, 24; CZ, 3; DE, 42; EE, 3; LV, 1; PL, 2. 
 
Figure and Table E.2: Chickens reared for laying 
 
 
 
No of samples  52 
Mean of zinc in feed (mg/kg)  96.8 
P90  121.3 
Median  95.3 
P10  74.0 
Range used  30-160 
% samples above limit (100 mg/kg)  42.3 
% samples below limit (100 mg/kg)  57.7 
Number of samples per country: BE, 2; BG, 1; CH, 2; CZ, 7; DE, 18 (2013:1); DK, 8; HU, 2; PL, 10; SK, 2. 
 
Figure and Table E.3: Laying hens 
 
 
 
No of samples  545 
Mean of zinc in feed (mg/kg)  92.7 
P90  128.0 
Median  89.0 
P10  64.5 
Range used  30-160 
% samples above limit (100 mg/kg)  31.0 
% samples below limit (100 mg/kg)  69.0 
Number of samples per country: BE, 8; BG, 7; CH, 90; CZ, 100; DE, 184 (2013: 5); DK, 23; EE, 7; FI, 1; HU, 
14; IT, 5; LV, 1; PL, 76; SI, 4; SK, 25. 
                                                       
19 Unless otherwise indicated, data refer to complete feed. 
20 The white line drawn in some figures indicates the new maximum limit proposal for total Zinc in feed. 
21 Samples from 2009 or 2013 are specified in the “number of samples per country”.  Maximum contents of zinc in feed 
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Figure and Table E.4: Chickens for fattening 
 
 
 
No of samples  433 
Mean of zinc in feed (mg/kg)  106.9 
P90  137.0 
Median  107.0 
P10  77.7 
Range used  30-160 
% samples above limit (100 mg/kg)  60.3 
% samples below limit (100 mg/kg)  39.7 
Number of samples per country: BE, 5; BG, 5; CH, 62; CY, 2; CZ, 67; DE, 121 (2013: 1); DK, 3; EE, 1; FI, 5; 
FR, 7; HU, 23; IT, 7; MT, 18; PL, 73; SI, 5; SK, 29. 
 
Figure and Table E.5: Turkeys for fattening 
 
 
 
No of samples  158 
Mean of zinc in feed (mg/kg)  110.6 
P90  144.0 
Median  106.0 
P10  82.0 
Range used  30-280 
% samples above limit (120 mg/kg)  30.4 
% samples below limit (120 mg/kg)  69.6 
Number of samples per country: BG, 1; CH, 8; CZ, 19; DE, 106; HU, 7; PL, 14; SI, 2; SK, 1. 
 
Figure and Table E.6: Piglets 
 
     
 
No of samples  2098 
Mean of zinc in feed (mg/kg)  139.4 
P90  178.0 
Median  137.0 
P10  99.0 
Range used  30-400 
% samples above limit-1
22 (150 mg/kg)  30.2 
% samples below limit-1 (150 mg/kg)  69.8 
% samples above limit-2 (110 mg/kg)  82.0 
% samples below limit-2 (110 mg/kg)  18.0 
Number of samples per country: BE, 39; BG, 29; CH, 363; CY, 3; CZ, 35; DE, 867 (2013:2); DK, 156; EE, 39; 
FR, 1; GR, 1; HU, 201; LV, 5; NL, 53; PL, 151; PT, 125; SI, 7; SK, 23.  
                                                       
22 Limit-1 is for the use of feed without phytases and limit 2 is for the use of feed with phytases.  Maximum contents of zinc in feed 
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Figure and Table E.7: Pigs for fattening 
 
 
 
No of samples  3124 
Mean of zinc in feed (mg/kg)  115.7 
P90  151.9 
Median  117.0 
P10  76.0 
Range used  30-240 
% samples above limit-1
23 (100 mg/kg  )  70.5 
% samples below limit-1 (100 mg/kg)  29.5 
% samples above limit-2 (70 mg/kg)  93.0 
% samples below limit-2 (70 mg/kg)  7.0 
Number of samples per country: BE, 41; BG, 41; CH, 421; CY, 1; CZ, 338; DE, 692 (2013:6); DK, 190; EE, 34; 
FR, 2; GR, 11; HU, 266; IT, 43; LV, 7; MT, 2 (2009:1); NL, 364; PL, 200; PT, 303; SE, 1 (2013:1); SI, 45; SK, 
122. 
 
Figure and Table E.8: Sows 
 
 
 
No of samples  636 
Mean of zinc in feed (mg/kg)  131.4 
P90  169.0 
Median  129.0 
P10  90.0 
Range used  30-400 
% samples above limit-1
24 (150 mg/kg)  20.1 
% samples below limit-1 (150 mg/kg)  79.9 
% samples above limit-2 (110 mg/kg)  75.1 
% samples below limit-2 (110 mg/kg)  24.9 
Number of samples per country: BE, 6; BG, 3; CH, 170; CY, 1; CZ, 51; DE, 243 (2013: 3); DK, 30; EE, 12; FI, 
1; FR, 2; GR, 1; HU, 53; IT, 2; LV, 2; NL, 7; PL, 33; PT, 1; SE, 1 (2013:1); SI, 5; SK, 12. 
 
Figure and Table E.9: Calves 
 
 
 
No of samples  41 
Mean of zinc in feed (mg/kg)  82.7 
P90  106.0 
Median  79.0 
P10  68.0 
Range used  30-160 
% samples above limit (100 mg/kg)  14.6 
% samples below limit (100 mg/kg)  85.4 
Number of samples per country: BE, 1; DE, 3; DK, 35; IT, 2. 
 
 
 
                                                       
23  See Footnote in Table of Piglets.  
24  See Footnote in Table of Piglets.  Maximum contents of zinc in feed 
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Figure and Table E.10: Calves milk replacer 
 
 
 
No of samples  191 
Mean of zinc in feed (mg/kg)  88.5 
P90  136.0 
Median  86.0 
P10  44.0 
Range used  30-200 
% samples above limit (100 mg/kg)  31.4 
% samples below limit (100 mg/kg)  68.6 
Number of samples per country: CH, 8; CZ, 16; DE, 53 (2013: 5); FI, 1; NL, 82; PL, 6; SK, 24; SI, 1. 
 
Figure and Table E.11: Cattle
25 
 
 
 
No of samples  250 
Mean of zinc in feed (mg/kg)  140.7 
P90  246.5 
Median  105.0 
P10  44.0 
Range used  30-1000 
Number of samples per country: BE, 11; CH, 8; CZ, 4; DE, 95; DK, 78; EE, 9; FI, 8; IT, 5; LV, 1; NL, 6; PL, 
17; SI, 5; SK, 3. 
 
Figure and Table E.12: Dairy cows
26 
 
 
 
No of samples  830 
Mean of zinc in feed (mg/kg)  151.7 
P90  271.5 
Median  113.0 
P10  62.0 
Range used  30-1000 
Number of samples per country: BE, 22; BG, 2; CH, 254; CZ, 33; DE, 421 (2013: 4); EE, 5; FI, 25; GR, 1; HU, 
10; IT, 1; MT, 5 (2013: 5); PL, 34; SE, 3 (2013: 3); SK, 5; SI, 9.  
                                                       
25  Includes only data of feed labelled as Complementary feed and Concentrate. 
26  Includes only data of feed labelled as Complementary feed and Concentrate. Maximum contents of zinc in feed 
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Figure and Table E.13: Sheep concentrate 
 
 
 
No of samples  280 
Mean of zinc in feed (mg/kg)  102.3 
P90  144.0 
Median  97.0 
P10  70.1 
Range used  30-200 
% samples above limit (100 mg/kg)  45.7 
% samples below limit (100 mg/kg)  54.3 
Number of samples per country: BE, 2; BG, 2; CH, 6; DE, 105; DK, 11; FI, 2; GR, 3; HU, 1; IT, 2; NL, 138; SI, 
1; SK, 7. 
 
Figure and Table E.14: Horses
27 
 
 
 
No of samples  314 
Mean of Zinc in feed (mg/kg)  175.8 
P90  314.0 
Median  132.3 
P10  67.0 
Range used  30-1000 
Number of samples per country: BE, 1; CH, 37; CZ, 13; DE, 206 (2013: 1); DK, 49; FI, 8.  
 
Figure and Table E.15: Rabbits  
 
 
   
 
No of samples  205 
Mean of zinc in feed (mg/kg)  100.3 
P90  130.2 
Median  98.4 
P10  73.0 
Range used  30-200 
% samples above limit (100 mg/kg)  47.3 
% samples below limit (100 mg/kg)  52.7 
Number of samples per country: BE, 1; BG, 2; CH, 2; CZ, 54; DE, 120 (2013: 3); DK, 4; FI, 1; FR, 6; HU, 2; 
IT, 5; PL, 2; SI, 2; SK, 4. 
                                                       
27 Includes only data of feed labelled as Complementary feed and Concentrate. 
 Maximum contents of zinc in feed 
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Figure and Table E.16: Fish 
 
 
 
No of samples  109 
Mean of zinc in feed (mg/kg)  140.0 
P90  200.0 
Median  131.0 
P10  107.0 
Range used  30-240 
% samples above limit (150 mg/kg)  23.9 
% samples below limit (150 mg/kg)  76.1 
Number of samples per country: CH, 37; DE, 11; DK, 21; FI, 7; NO, 33 (2013: 33). 
 
Figure and Table E.17: Dogs
28 
 
 
   
 
No of samples  162 
Mean of zinc in feed (mg/kg)  159.0 
P90  240.0 
Median  157.5 
P10  65.6 
Range used  30-400 
% samples above limit (150 mg/kg)  55.6 
% samples below limit (150 mg/kg)  44.4 
Number of samples per country: BE, 4; CZ, 48; DE, 48 (2013: 1); DK, 43; FI, 2; FR, 6; HU, 2; PL, 1; SI, 3; SK, 
5. 
 
Figure and Table E.18: Cats
29 
 
 
   
 
No of samples  76 
Mean of zinc in feed (mg/kg)  154.5 
P90  222.0 
Median  154.0 
P10  87.8 
Range used  30-300 
% samples above limit (150 mg/kg)  53.9 
% samples below limit (150 mg/kg)  46.1 
Number of samples per country: BE, 1; CZ, 20; DE, 11; DK, 36; FI, 3; FR, 2; PL, 2; SI, 1. 
                                                       
28  Contains 9.9 % Complementary feed 
29  Contains 2.6 % Complementary feed Maximum contents of zinc in feed 
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APPENDIX F.   Calculations  derived  from  poultry  and  pig  feed  data  to  obtain  estimations  of 
savings of zinc emissions to the environment 
 
Types of compound feed 
Column A  Column B  Column C  Column D 
Feed produced 
in 2011 (t/year)
1 
Mean zinc in feed 
(mg/kg)
2 
Mean zinc in the 
samples below the 
NPMC (mg/kg)
3 
Benefit for 
environment (t 
zinc/year)
4 
Poultry  50947000          
Chicken for fattening  26288652  107  85  578.35 
Chick and layers   16965351  98  82  271.45 
Other   7692997  111  97  107.70 
Pigs  50256000          
Piglets  7287120  139  121  131.17 
Pigs for fattening  31962816  116  80  1150.66 
Breeding Pigs  7538400         
Other  3467664         
TOTAL        2239.39 
1  Figures from FEFAC 2011 statistics. 
2  Calculations based on the data submitted by European countries following a call for data by EFSA in 2013. 
3 Expected average after the introduction of NPMC following the same disttribution as shown in the data sub submitted by 
European countries following a call for data by EFSA in 2013. 
4  Figures in Column D have been calculated using the following formula, where applicable:  
[(Column A*Column B) (Column A*Column C)]/1000000 
 Maximum contents of zinc in feed 
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 ABBREVIATIONS 
°C   degree Celsius (centigrade)  
ADG  average daily gain 
AMCRA  antimicrobial consumption and resistance in animals   
ANSES  Agence nationale de sécurité sanitaire de l‟alimentation, de l‟environnement et du 
travail (French Agency for Food, Environmental and Occupational Health & Safety) 
bw   body weight  
CAMC  currently authorised total maximum contents of zinc in complete feed 
cAMP  cyclic adenosine monophosphate 
CTR  copper transporter 
CV  coefficient of variation 
CVB  Centraal Veevoederbureau 
DM  dry matter 
DMT  divalent metal transporter 
DNA  deoxyribonucleic acid 
DRV  Dietary reference value 
EC  European Commission 
EEA  European Economic Area 
EFSA   European Food Safety Authority  
EFTA  European Free Trade Association 
EMFEMA  International Association of the European Manufacturers of Major, Trace and 
Specific Feed Mineral Materials 
EsKiMo  Ernährungsstudie als KiGGS-Modul 
EU   European Union  
FEDIAF  European Pet Food Industry Federation  
FEEDAP  Panel on Additives and Products or Substances used in Animal Feed 
FEFAC  European Feed Manufacturers' Federation 
FEFANA  European Association for the Producers of specialty Feed Ingredients and their 
Mixtures 
FLF  fermented liquid feeding 
FTU  phytase units 
GfE  Gesellschaft für Ernährung (German nutrition society) 
HDL  high-density lipoprotein-cholesterol 
IFZZ  Instytut Fizjologii I Zywienia Zwierzat (Institute of animal physiology and nutrition)  
IOM  Institute of Medicine, Food and Nutrition Board 
INRA  Institut  National  de  la  Recherche  Agronomique  (French  National  Institute  for 
Agricultural Research) 
IP  inositol phosphate 
kg   kilogram  
KiGGS  Der Kinder- und Jugendgesundheitssurvey 
LDL  low-density lipoprotein-cholesterol 
mg   milligram  
mL   milliliter 
MJ ME 
MRSA 
megajoules metabolisable energy 
methicillin-resistant Staphylococcus aureus  
MT  metallothionein 
MTF  metal transcription factor 
MTL  maximum tolerable levels 
MTT  Maa- ja elintarviketalouden tutkimuskeskus (Agrifood research Finland) 
NPMC  newly proposed total maximum contents 
NRC  National Research Council 
NSP  non-starch polysaccharides 
NZW  New Zealand White 
PMCA  Plasma membrane Ca
2+-atpase Maximum contents of zinc in feed 
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PRI  population reference intake 
RAR  Risk Assessment report 
RBV  relative bioavailability 
RDA  recommended dietary allownaces 
SCAN  Scientific Committee on Animal Nutrition 
SCF  Scientific Committee on Food 
SD  standard deviation 
TMR  total mixed ration 
TRP  transient receptor potential 
UL  tolerable upper intake level 
USA  United States of America 
ZIP  Zrt-, Irt-like Protein 
 
 